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Aeronautic Instruments 


A Paper on the General Principles of Their Construction, Testing and Use, Based on the 


Work of the Aeronautic Instruments 
By MAYO D. HERSEY; 


This paper, which is a contribution from the Aeronautic Instru- 
ments Section of the National Bureau of Standards, affords a brief 
sketch of the general principles of such instruments. The discussion 
ukes up successively matters relating to the construction, the testing, 
and the practical use of instruments for aircraft. In each case prin- 
ciples rather than details are emphasized. In a few instances partic- 
war instruments are described or the results of particular investiga- 
tions stated, in order to illustrate the principle involved. The paper, 
however, does not pretend to serve as a final or comprehensive report 
on the subject. 

That the general field of aeronautic instruments is a less familiar 
one to the.engineer at large than it logically ought to be, is probably 
due to the confidential character of the work which has gone forward 
during the war. Now that attention is again directed to civilian aero- 
nuutics the subject of instruments takes on great importance for two 
chief reasons: first, because the efficiency and safety of air navigation, 
especially in clouds, depend on the reliability of the instruments 
which are used; and second, because the whole future development 
of aeronautic engineering rests upon the measurement ‘of aircraft per- 
formance, which requires suitable instruments of precision. 


HE life eyele of any aeronautic instrument starts with the 
recognition of some distinct physical measurement that has 
to be made in flight; then, broadly speaking, it passes 
through the three main stages of construction, testing, and use; 
and ends by revealing the need for some particular improvement 
or new development, at which point the cycle begins over again. 
As a convenient way of arranging the available information, 
ve will consider in succession these different stages or processes, 
emphasizing only the general principles involved, but illustrating 
the latter by their application to particular mstruments such as 
the aneroid barometer or tachometer. 


1 CONSTRUCTION OF INSTRUMENTS 


In classifying instruments with regard to the purpose for which 
are needed a fundamental distinction may be drawn between 
“tvice instruments and experimental instruments. Service in- 
‘iments have to be light and rugged, fool-proof, and reliable 
inder all conditions of flight, and must not occupy too much space 
in the cockpit. Experimental instruments must be extremely 
“curate and the self-recording feature is desirable. 
urther distinction may be drawn between instruments for 
. 0n and airship use and those for airplanes. Historically, 
ustruments for lighter-than-air craft were the first to be devel- 
; but owing to the more extensive use’ of airplanes during 
War, the scientific elaboration of airplane instruments stands 
ilieg m advance of airship instruments. The chief character- 
= airship instruments are the relatively. lower range of 
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speed and altitude over which the mechanism has to function 
accurately, and the correspondingly weaker forces available to 
operate the movement. In addition, there are some extra instru- 
ments needed on airships, for measuring conditions relating to 
the air and hydrogen supply. 

Finally, all aireraft instruments may be classified with respect 
to the nature of the measurement made. From this viewpoint 
the most important groups are: (1) altitude instruments; (2) 
speed indicators; (3) direction indicators; (4) tachometers; (5) 
gasoline indicators; (6) thermometers and pressure gages for the 
power plant; (7) timepieces; (8) oxygen apparatus; and (9) 
additional instruments for lighter-than-air craft. 


ALTITUDE INSTRUMENTS 


Taking up these nine groups in order, altitude instruments, 
broadly considered, may be regarded as covering the following 
species : 

a Altimeters © 

b Barographs 

ce Thermographs and aerographs 
d Statoscopes 

e Rate-of-climb indicators 

f Night altitude indicators. 


The altimeter is in prineiple a common aneroid barometer witli 
a movable altitude scale instead of a fixed pressure scale. For 
airplane use, however, the aneroid has to be made uncommonly 
well; otherwise the instrument will have serious errors caused by 
the peculiar conditions of flight, and the pointer may vibrate so 
much that it ean hardly be read. 

A typical altimeter is seen in the upper left-hand part of the 
instrument board picture, Fig. 1. The elements of its construction 
are probably familiar, comprising a stiff steel spring coupled 
to a thin corrugated-metal vacuum box, together with a delicate 
transmission mechanism which multiplies the movement of the 
box. A dilation or contraction of the box only 0.002 or 0.003 in. 
causes a motion of 1 in: at the tip of the pointer. Various minor 
adjustments are provided, and usually a bimetallic bar forms part 
of the lever system, serving in some measure to compensate for 
the influence of temperature. 

Barographs usually contain a tier of vacuum boxes, one on top 
of another from two to five in number, with a pair of steel 
springs inside each box. The multiplying factor of the transmis- 
sion mechanism is decidedly less than in altimeters, so that the 
pen arm has correspondingly greater power for tracing a firm ink 
line on the revolving chart. 

Thermographs are intended for recording the temperature of 
the atmosphere at different altitudes. They have been built both 
with bimetallic elements and with delicate Bourdon tubes con- 
taining mercury or ether. Aerographs are combination recording 
instruments comprising hair hygrometers for humidity determina- 
tion along with the barometric and thermometrie elements. 
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Statosecopes serve to tell whether a balloon or airship is slightly 
ascending or descending. They are remarkably sensitive, too much 
so to be of much use on airplanes. The statoscope in its simplest 
form is a thermally insulated vessel of air, connected to the ex- 
ternal atmosphere by a glass tube containing a drop of red liquid 
which moves freely one way or the other in response to any minute 
change of external pressure. 

Rate-of-climb indicators give a direct reading of the vertical 
speed in feet per minute. The most usual types are based upon 
the pressure difference set up between the two ends of a capillary 
tube connecting a thermally insulated air container with the ex- 
ternal atmosphere. What is actually observed is the manometer 
indication: of that differential pressure. 

The night altitude indicator is an optical projection instrument 
of the range-finder type, particularly valuable for seaplanes flying 
low over the water. 


SPEED INDICATORS 


The pressure type of air-speed indicator shows the impact 
pressure of the air due to the motion of the aireraft and so enables 
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type) are usually based on some rotating-vane or Robinson cup 
principle and connected, either directly or through electric tran, 
mission, with a tachometer movement. 

Absolute or ground-speed indicators have been successfully 
made in the visual type which gives its result by combining au 
observation of the angular velocity of the line of sight with , 
knowledge of the altitude. 


DIRECTION INDICATORS 


The third general group, direction indicators, may be subdivided 
as follows: 
a Compasses and turn indicators 
b Inclinometers and banking indicators 
ce Angle-of-attack indicators 
d Side-slip or yaw indicators 
e Drift indicators 
f Course-finding instruments. 
Compasses may conceivably be either magnetic or gyroseopie 


but the latter have not yet been successfully developed for air. 
planes. Magnetic compasses in common use are of the short. 

















Fic. 1 TypicAL AIRPLANE INSTRUMENT BoarD, SHOWING ALTIMETER, TIMEPIECE, AIR-SPEED INDICATOR, COMPASS, 
TACHOMETER, PRESSURE GAGES, AND RADIATOR THERMOMETER 


the pilot to keep above his stalling speed and below the danger 
point due to excessive speed. Such instruments consist of two 
parts: the indicator proper on the instrument board in the cockpit 
(see Fig. 1), and a pressure head mounted out on some strut 
where it will catch the full foree of the undisturbed atmosphere 
going by. The indicator part measures the differential pressure 
generated by the pressure head and transmitted to it through some 
length of tubing. Liquid manometers were used for the indicator 
early in the war, but later were superseded by various diaphragm 
constructions. Not only corrugated metal diaphragms, but even 
rubber and doped silk have been found satisfactory for this 
purpose. 

The pitot tube and venturi tube have been tried out in a great 
variety of forms as pressure heads for air-speed indicators. A 
combination of the two gives the greatest differential pressure and 
was adopted in this country in preference to the pitot tube, in 
order to accelerate production of indicator mechanisms during 
the war. 

Air-speed indicators of the anemometer type (or true air-speed 


period type. Turn indicators have been made in both aerodynamit 
and gyroscopic forms. The former type measures the differenti 
pressure between two static heads placed one at each wing ®p 
It is therefore a purely atmospheric instrument which might read 
zero if the aircraft were resting in-a large portion of the atmo 
phere itself undergoing rotation. The gyroscopic forms show 
absolute rotation: one type is a very sensitive indicator showils 
whether the aircraft is or is not turning, and whether to the right 
or left, while the other type is somewhat less sensitive but actually 
measuring the rate of turning. Res 
Inclinometers are to be distinguished from banking indicalo® 
in that they measure the inclination of the aircraft to the grou" 
while banking indicators show only the departure of the 
from the proper banking position. Gyroscopic inclinometers 
usually of the long-period pendulum type. They function s 
simple pendulum several thousand feet long, and so are? 
the effects of transient accelerations, but not from persistent # 
celeration in the same direction. The most common inelinomele 
are liquid-filled tubes in the form of a large, triangular doe: 
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drevit, and are used for fore-and-aft observations. The com- 
nonest form of banking indicator is a modification of the familiar 
gpirit level, bent into an are of about 20 deg. each side of the zero. 
Mechanical pendulum types also are in use. 

Angle-of-attack indicators show the angle between the wing 
cord, say, and the direction of motion, Both weather-vane and 
jiferential pressure types have been used, the latter like the side- 
slip indicator below. 

Side-slip or yaw indicators show whether the aircraft is heading 
exactly in the direction of motion (relative to the atmosphere) or 
not. It operates by the differential pressure set up between sym- 
metrically placed openings on the two sides of a sphere, attached 
to some strut so as to head directly forward. The two openings 
are connected to the two sides of a diaphragm movement with dial 
and pointer. 

Drift indicators show the speed of drift compared to the speed 
of advance and involve the rotation of some reference line by the 
observer until it is parallel to the apparent trajectory of objects 
going by on the ground. 

Course-finding instruments are merely mechanical devices for 
determining the course and distance made good, by reference to 
data already available. 


TACHOMETERS 


Tachometers constitute the fourth general group. All the 
various types serve for the sole purpose of indicating the revolu- 
tins per unit time of the propeller shaft, with the exception of 
one instrument which indicates also the angular acceleration of the 
propeller shaft, that is, its rate of speeding up or of slowing 
down. The diverse types of construction may be subdivided 
respectively as: Chronometric; centrifugal; magnetic; electric; 
air-viseosity and air-pump; and liquid. 

The chronometric or clockwork type, the most accurate but 
most complicated, actually counts the number of revolutions in a 
fixed time. 

The centrifugal type, most commonly used on aircraft, works on 
the principle of the change which takes place ‘in the position of 
a revolving mass due to centrifugal force acting against the re- 
storing foree of a spring. 

The magnetic type operates by the rotation of a permanent 
magnet near an electrically conducting disk which is mounted on 
the pointer spindle and controlled by a spring. 

The electric type consists of a magneto, geared to the engine 
shaft, which transmits the resulting voltage to a millivoltmeter 
graduated to read revolutions per minute. 

The air-viscosity type is similar to a torsion viscosimeter, 
measuring the product of viscosity by speed of rotation. Here 
the Viseosity of the fluid, air, is so nearly a constant that the de- 
flection of the spring and pointer is almost directly proportional 
lo the speed of rotation. The air-pump type is based on the 
foree of impact of the air against a movable vane resisted by a 
spring; the pump is geared to the engine shaft so that the de- 
flection depends on the speed of rotation. 

The liquid type involves the observation of the maximum height 
ofa liquid column or deflection 6f Bourdon gage which can be 
maintained by a centrifugal pump geared to the engine shaft. By 
‘omparing the height of this column with that of a similar one 

avily damped an indication of angular acceleration is also ob- 


GASOLINE INDICATORS 


Gasoline indicators, the fifth group, comprise, broadly speaking, 
Bages and flow meters. Depth gages show the available 
“wpply and are of two types, those based on a simple float prin- 
age those which measure the hydrostatic pressure near the 
of the tank. Flow meters show the rate of consumption 
Stoline at any instant. They have been based on the venturi 
en and also on the principle of utilizing the force of impact 
we stream of liquid against a movable element resisted by a 
or by gravity. 
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THERMOMETERS AND PRESSURE GAGES 


The sixth group comprises thermometers and pressure gages 
for the radiator, the lubrication system, and the gasoline tank, 
respectively. These thermometers are of the long-distance trans- 
mission type with liquid-filled or vapor-filled bulbs. The indicator 
movement, installed in the cockpit, consists essentially of a Bour- 
don tube element, as do also the air and oil pressure gages. 

TIMEPIECES 

The seventh group, timepieecs, presents no great novelty aside 
from the reversing stop watches used in connection with certain 
bomb sights; but they have to be rugged enough to withstand air- 
plane service and provided with suitable dials. 


OxyYGEN APPARATUS 


Oxygen apparatus for the aviator (group 8) may be either of 
the compressed-oxygen, liquid, or chemical type. Only the first 
has been put into regular use in this country. These outfits are 
provided with automatic regulators which control the flow of 
oxygen from the storage tank to the aviator’s breathing attach- 
ment. The regulators are designed to deliver an amount of oxy- 

















Fic. 2 AviatTor’s OxyGEN REGULATOR 


gen which increases at the higher altitudes in accordance with a 
prescribed formula. The mechanism is operated by diaphragms. 
An example of such a regulator is shown in Fig. 2. 


BALLOON AND AIRSHIP EQUIPMENT 


The ninth and last group comprises balloon and airship 
equipment not already included among the foregoing. Special 
pressure gages are made for indicating the amount of water bal- 
last carried. Delicate manometers are made for measuring the 
air pressure in the balloonetts and the hydrogen pressure in the 
envelope; liquid types have been used, but sensitive diaphragms 
are better. Electric-resistance thermometers are used to indicate 
the temperature of the gas in the envelope. Hydrogen detectors 
based on osmotic pressure action are valuable for locating leaks. 


Design, DEVELOPMENT AND PRODUCTION 


The design of aeronautic instruments is at present almost 
wholly on a cut-and-try basis. The Bureau of Standards has 
made some progress, however, in placing instrument design on a 
rational basis. Consideration has been given to such general 
problems as: the stiffness of elastic systems where two bodies 
such as a spring and diaphragm are coupled together; the 
effects of temperature and elastic lag on coupled systems; bi- 
metallic bars for temperature compensation; the balance of 
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moving parts to resist angular acceleration and vibration; the se- 
curing of a uniform scale by suitable design of transmission 
mechanism; and the treatment of aerodynamic problems and the 
general action of damping fluids by the method of dimensions 
deseribed before this Society by Dr. Buckingham at the Buffalo 
meeting in 1915 in his paper on Model Experiments. There is 
hardly space here even to outline those results, which it is hoped 
may form the substance of later communications. 

Experimental development has to follow the preliminary design 
of an instrument before it can be put into quantity production. 
Among the recent development projects of the Aeronautic Instru- 
ments Section at the Bureau of Standards may be mentioned the 
following, several of which were undertaken at the request of the 
Air Service or the National Advisory Committee for Aeronautics: 
a The conversion of barographs from a low-altitude to a high- 

altitude range, together with the elimination of ink. 

b The conversion of altimeters from an altitude scale to a pres- 
sure seale, to adapt them for aircraft performance testing. 
Improvements were also made in the method of mounting the 
main spring of commercial altimeters to diminish the ob- 
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g A working model of a type of dynamical ground-speed jg 
eator which would become available if there existed a suitaly, 
gyro-stabilizer to hold it horizontal. This model consists 
a large steel ball free to roll back and forth in a glass ty 
filled with a viseous liquid. It can be shown mathematical) 
that if the fluid resistance is directly proportional to ti 
speed of the ball through the tube, while the tube is held jp, 
horizontal fore-and-aft position, then the displacement of th 
ball at any instant from its initial position in the tube jg jj. 
rectly proportional to the absolute ground speed of the gi: 
craft. 

The development work on any given model of an instrume; 
must be dropped and the design rigidly fixed before quantity 
production ean be efficiently carried on. In this country th 
quality of products made in quantity has to be artificially held yp 
to standard by means of specifications and inspection. This gity. 
tion is not so commonly met with abroad, especially in Frane. 
where every individual involved, from the mechanic in the shop 
up to the head of the concern, takes a professional artistie prik 
in the quality of his output. This difference is not the fault ¢ 
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served differences between readings with increasing and de- 
creasing altitudes. 

c The development of a precision altimeter with a large dial 
giving a 14-in. movement of the pointer for each 100 ft. of 
altitude, a special design being made for the elastic system 
to diminish elastie lag. 

The development of a direct-reading rate-of-climb indicator 
based on the capillary-tube-leak principle, with the use of a 
liquid entirely dispensed with through the use of sensitive 
diaphragms. 

e Development of a reduced scale working model of a proposed 
gyro-stabilizer on the long-period pendulum principle, 
possessing mechanical features of extreme simplicity. 

f The application of the moving-picture camera for securing a 

record of instrument readings during the performance test 

of an aircraft in flight. The whole outfit—instruments, 
illumination, camera and timing system—forms a unit which 
takes the place of the human observer in the airplane. 


~ 
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TESTING OUTFIT FOR AIRPLANE TACHOMETERS 






the American manufacturer, and there are some advantages 2 
our system, yet the fact remain$; and this spectacle of suce 
instrument production without specifications formed one of the 
most astonishing impressions which the writer gathered from his 
trip to Europe during the war. 


2 TESTING OF INSTRUMENTS 
The testing of any aeronautic instrument consists in a dire! 

comparison with some standard, the instrument being op 
over its full scale; the whole procedure should then be repeal 
under different conditions varying in flight. The most impor 
tant of these conditions are: 

a Extreme low temperatures 

b Change in pressure or density of air 

e Acceleration and inclination 

d Vibration 

e Time elapsed during the flight. 
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A typical installation of testing apparatus, in this instance for 
the testing of tachometers, is shown in Fig. 3. The results of 
such a test are ordinarily given out in the form of tables or curves 
showing the correction of the instrument from point to point of 
its seale. By the correction is meant the amount that has to be 
added algebraically to the reading of the instrument in order to 
give the true value of the quantity measured. Typical correction 
plots or curves of this sort are seen in the first two charts shown 
on Fig. 4. 

Factory inspection tests can be reduced to a comparatively 
simple routine after the first few instruments of each pattern have 
heen inspected. The purpose of such tests is to control the 
quality of the output. 

The short test for service instruments is an attempt to secure, 
in a Minimum time, such data regarding the maximum calibration 
correction or temperature effect as may be needed for actual refer- 
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course on the nature of the work for which the instrument is to 
be used, and on the flight conditions which will prevail. For 
instruments such as aneroid barometers, which involve serious 
errors due to elastic lag or temperature lag, there can be no 
more reliable method of determining the corrections necessary 
for the interpretation of the readings than to make a flight- 
history test by actually reproducing in the laboratory the identi- 
eal variation of pressure, temperature, ete., which was experi- 
enced from time to time during the flight. This is particularly 
important in connection with the use of barographs for competi- 
tive altitude flights. It is now well known that barographs subject 
to any appreciable amount of elastic lag will read a higher altitude 
the greater the time elapsed during the flight. 

It is a short step from some of these more complete testing 
methods to the general subject of the experimental investigation 
of sources of error in instruments. Such investigations have 
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Fie. 4 TypicaAL INVESTIGATION RESULTS 


‘nee in connection with the installation or use of instruments on 
alreraft. 


The Bureau of Standards general test is the one which is fur-° 


: on instruments submitted to the Bureau without special 
nett. It is a comprehensive standard form of test af- 
ording @ complete calibration curve together with, at least, nu- 
values for the more common errors due to temperature 
and other well-known conditions. 
Bureau makes more thorough tests on sample instruments 


* new type whose mechanism is not familiar. Such additional 


ations usually include some form of accelerated life test, 


an a five-day run to determine the endurance of the instru- 
under vibration. The steadiness of the pointer: arid ‘the 
wants of the instrument with and without vibration are’ ob- 
td in such a test. 


Special tests on experimental instruments depend of 





formed one of the most interesting features of the work of the 
Bureau of Standards and are illustrated by the examples given 
in Fig 4. 

In this figure five charts are shown based on experiments with 
lrigh-grade commercial aneroids. The first chart (a) shows the 
ordinary calibration of an aneroid changing the pressure at the 
rate of an inch of mercury in five minutes. (At sea level one incli 
of mercury corresponds to about one thousand feet of altitude. 
At twenty thousand feet one imch corresponds to about two 
thousand feet of altitude). The calibration curve would be dis- 
tinetly different at some different speed, due to elastic lag in the 
corrugated-metal vacuum boxes. For the same reason, as shown 
in chart b, the discrepancy between the readings going up and 
coming down is much greater when the aneroid is held at the maxi- 
mum altitude for a considerable time interval. This drift, or 
change of reading at constant pressure, is shown in chart c as a 
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function of the time elapsed. These curves may be taken as a 
criterion of the elastic quality of the material in the instrument; 
and several hundred such have been determined in the course 
of the Bureau’s investigations. Chart d shows the increase in 
the width of the hysteresis loops with rise of temperature, and 
it also shows the decrease in the sensitivity of the movement 
when an instrument is chilled. This last effect is largely due to 
the change of elasticity with temperature, and cannot be fully 
compensated for by means of the ordinary bimetallic lever. The 
remaining chart (e) shows what can be done in the way of tem- 
perature compensation. Of three superimposed curves one repre- 
sents a typical uncompensated aneroid. The graphs show the 
change of reading with temperature at a constant pressure corres- 
ponding to sea-level conditions. A second curve shows a partial 
degree of compensation obtained by admitting air to the vacuum 
box. The remaining curve shows satisfactory compensation by 
means of a bimetallic bar for sea-level observations; but this 
same aneroid may have a serious temperature error when the 
movement has shifted into the new position which it will occupy 
at twenty thousand feet. ; 

Still further characteristics of aneroid barometers have been 
studied at the Bureau in addition to those shown in Fig. 4, and 
similar investigations have been extended to all of the other aero- 
nautic instruments. 


3 USE OF INSTRUMENTS 


Many practical airplane pilots disclaim the use of instruments, 
and certainly it is desirable that the aviator should be trained 
to become just as independent of any mechanical aid as possible. 

Some of the times when airplane instruments are really of the 
most importance are the following: 


a For various military and naval operations such as bomb 
dropping 

b Long-distance navigation 

c Flying at night and im clouds 

d Preparing to land on a perfectly smooth body of water 
where the height is deceptive 

e Flying in formation with instructions to hold to a pre- 
scribed air speed and altitude 

f Photographie and survey work. 


The need for instruments is still more evident in airship work. 
Here it is necessary to control the position of the ship, 
especially near the ground, with comparatively greater precision; 
nor is it possible for the pilot to act so quickly in response to 
his unaided senses as it might be in an airplane. 

The following precautions may be suggested for getting the 
best results in the practical use of service instruments: 


a Select for installation in the first place only those instruments 
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which ean be certified by the Bureau of Standards as suitable 
for the intended use. 

b In any event see that the instrument is tested immediately prior 
to installation to avoid the occurrence of large errors due to 
secular changes or mechanical injury. 

c When accuracy is required im flight observations the aviator 
must remember where appreciable lag errors are stated to 
exist, whether due to elastic lag or temperature lag or other 
causes, that some time will be required for the instrument to 
completely respond to any given change, and that the results 
will be different with increasing and decreasing scale readings, 

d At least once in six months it is desirable that instruments 
should be overhauled, during which time they may perhaps 
be replaced by a reserve supply of fresh instruments prop. 
erly tested and adjusted. 

The problem of salvaging has been studied by the Bureau of 
Standards and the statistical results of such work are of the 
greatest value as a basis for future improvements in instrument 
construction. The actual salvage proposition consists of dis. 
mantling a certain number of damaged instruments and putting 
them together again so as to form a smaller number of good in- 
struments. The study of expedients for readjusting the mechan- 
ism forms an integral part of such work. This can only be done 
in the testing laboratory. 

In concluding this paper, a recapitulation may well be made of 
some of the outstanding problems of instrument development, 
the solution of which is much to be desired: 


a A satisfactory gasoline depth gage is needed. 

b Barographs and other recording instruments of better quality 
than any now existing are needed. Better clockwork, and a 
much more open scale, and more complete freedom from 
errors due to friction, temperature, elastic lag, and lack of 
balance are desirable. 

ce A wholly satisfactory form of compass for airplanes is not as 
yet available. Besides the northerly turning error, so-called, 
to which all single-pivot compasses are necessarily subject, 
there are troubles due to the action of the damping fluid. 

d Air-speed indicators suitable for the low speeds of airship 
flight are required. 

e A gyro-stabilizer is needed, different from existing types in 
that it must be able to stabilize a body which is not rigid, 
but contains a freely moving mass. Such a stabilizer is 
necessary before the full possibilities of any dynamical type 
of ground-speed indicator can be realized. 

The material in this paper is of course not due to any one i- 
dividual, but is based upon the work of the entire Aeronautic 
Instruments Section of the Bureau of Standards. Later, the 
detailed official reports prepared by the various members of the 
staff concerned, should be available through the publications of 
the Bureau and the National Advisory Committee for Aeronautic. 


The Rectilinear Flight of Aeroplanes 


' Basic Principles of Analytical Theory Advanced 


by Eminent French Engineer and Scientist and 


Their Application—Calculation of Maximum Cruising Radius 


By A. RATEAU;' 


N his paper, of which the following is an abstract, M. Rateau 
= the basic principles underlying his theory of the. 
rectilinear flight of aeroplanes, and further indicates how 
they may be applied in the solution of certain important aero- 
nautical problems. In doing this he establishes at the outset char- 
acteristic relations connecting the main factors governing the 
operation of the propeller. 
The paper is based on the assumption that a constant-com- 
pression, not supercharged, engine is used, the carbureter being 
+Mem, Institut de France; Hon.Mem.Am.Soc.M.B. 


Abstract of paper to be presented at the Spring Meeting, St. Louis, Ma 
24 to 27, 1920, of THz AMBRICAN Sociery’ oF MecuamcaL ENGINEERS. 
Advance copies of the complete paper may be obtained gratis on applica- 
tion. All papers are subject to revision. : 


PARIS, FRANCE 


equipped with an altitude regulator, in order to maintain th 
mixture at the optimum ratio all the time, and that further the 
propeller is of constant pitch, is not subject to deformation, and 
is held on the motor shaft. : 
The same theory may apply to a propeller with gear reductio, 
but the author does not wish to introduce into his equations the 
complications created by the use of gear reduction betwee the 
motor and propeller. ; 
One of the most essential elements affecting flight is the specifi 
weight of air at the different altitudes, and the author 
a formula connecting the specific weights of air at the 
and at various elevations. 
As regards the engine, the most important factor is not t 
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output, which varies with the speed, but the couple which 
it sets up, and if the carbureter is properly adjusted this couple 
should vary but little with the speed of rotation in revolutions. 
It is, however, tremendously affected by the specific weight of 
the air sucked in, though not proportional to it. 

On the other hand, the consumption of fuel and oil in an engine 
yaries with the speed of rotation and with the specific weight of 
air. As regards fuel consumption, if the carbureter is properly 

it varies in proportion to the total weight of the air 
sucked in, and hence in proportion to the speed of the engine 
and to the specific weight of air. The oil consumption depends 
on the character of the oil and the temperature of the air with 
which the engine is supplied, and increases with the speed of the 
engine more rapidly than the speed itself. 

The consumption of both fuel and of oil is affected by a number 
of factors in such a manner that it is impossible to keep track 
of them in an exact manner. It may be said to be proportional 
tow-+o where w is the specific weight of air and o is a constant, 
the numerical value of which is about 0.08 in the case of non- 
rotary motors lubricated by castor oil and a little larger, say, 
about 0.1, in the case of mineral oil, and still larger for rotary 

es. 

, ar attention is devoted to the characteristic functions 
of the propeller. In this connection only the effective pitch of 
the propeller and not the so-called “ nominal pitch” is taken into 
consideration. While the effective pitch is of a physical character 
and therefore cannot be measured directly on the propeller, it is 
nevertheless of the nature of a constant characteristic of the pro- 
peller, no matter what the speed of the latter may be. 

The following basic formule are established by the writer: 

Theory shows that the tractive force F of the propeller in 
kilograms and its counteracting couple [ in kilogram-meters are 
expressed by the relations 


F = bwn'f(c) 
“She t 
= =—on'9(c) 
2n 


where f(¢) and » (¢) are the functions of slip and of certain 
coefficients of the propeller mentioned later, and where b, which 
the author calls the factor of thrust, has for its expression in the 
ease of aeroplane propellers with narrow blades— 

b= <= HM NP ee [2] 
where m is the ratio of circumference to diameter; g the gravita- 
tional constant in metric units ( = 9.81) ; k a numerical coefficient 
of the order of 2, and M the moment, referred to center of pro- 
Peller, of the projection of the active surface of the wings on a 
Plane perpendicular to the axis. The units in the case of H and 
M are the meter and the square meter. 

The funetion f(¢) is of the form «(1—e’c) where ¢ isthe co- 
tficient depending on the ratio p of the pitch H to the peripheral 
diameter D of the propeller and decreases in a certain proportion 
to the decrease of the ratio above referred to. When p is less than 
uuity (and this is the ease with practically all aircraft propellers), 
¢ is less than 0.01. Since, on the other hand, the slips ¢ as a rule 
a only from 0.2 to 0.4, it can be seen why the corrective term 

* Varies only by about 0.016 in particular applications and 

we may be entirely neglected when subtracted from unity. 
This is‘ what the author does. At the same time, whenever 
eo the complete formula makes*it possible to carry out 

ons with the necessary degree of precision. 
function 9(¢), which is of basic importance, has the form 
9(¢) = A@ptao—ea..... cece ccecceees [3] 
ie amas has a value in the neighborhood of 0.5 and a of 
meats are variable from one propeller to another in accord- 
ates its shape and roughness of the surface, It is only this 
is affected by losses in the propeller due to shocks, friction 

(nat ce of the fluid; it is connected with the coefficient « 

Telative velocities across the propeller) by the formula— 


axe (£ 4 =). At EER TRA [4] 





where v is the ratio of a certain average radius to the radius of 
the periphery. 
If it be assumed that e = 0.5, then 





9G) OH 6 — — once teccccccceces [5] 
and hence 
o(c) 5 a 
= - i 5am at sisnciaccébicwrs 
(a) a [6] 


This function ) of the slip is one that constantly occurs in the 
author’s aeroplane formule. 
The efficiency of the propeller ¢, if by v is denoted the velocity 
of advance, is 
Fw 
o= Seems Tenth seteaennesewens [7] 
If v is replaced by nH(1—<a), and F and [ by their expres- 
sions taken from Equation [1], then 


oan f(s)(l1—s) 1—ce 

9(s) y 
Attention is called to the fact that in this expression of the 
efficiency of the propeller, in which | may be used in the form 


given by Equation [6], only the slip ¢ and the coefficient of losses 
a are used. 
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Fic. 1 VARIATION OF FUEL AND OIL CONSUMPTION PER KILOMETER 
OF FLIGHT WITH VARIATION IN DISTANCE OF PLANE FROM ITS 
CEILING DURING FLIGHT. (COMPUTED FOR AEROPLANE-TYPE) 


All these novel and fundamental formule are excellently con- 
firmed by experiments as precise as one could wish for in a subject 
of such complexity as the one under consideration. 


CHARACTERISTIC FUNCTIONS AND COEFFICIENTS OF AN AEROPLANE 


For a given aeroplane the essential variables are its weight P 
in kilograms and its incidence a, that is, the angle in degrees 
formed by the wings with the trajectory. 

Formule are established connecting in horizontal rectilinear 
flight the weight of the aeroplane P and the resistance R to for- 
ward motion, where both P and R are expressed in terms of 
specific weight of air w and velocity of movement of the plane » 
in the form of 


and 


where the coefficients Y and X for each given plane are functions 
of the incidence a. As such they are expressed in the form of 
Y = Y,(1+ 72) } 11 
Eo “Be oN eas [11] 
where Y,, X,, 4 and € are the four specific coefficients of an aero- 


plane which have to be determined by measurement or computa- 
tion. 


As an example, the author considers a supposititious airplane 
(Continued on page 316) 





River Transportation in the Mississippi Valley 


Recent Progress in Construction and Operation of Barges and Towboats—Need for Waterways 
Transportation—Developments Under the Federal Control. Act 
By E. W. SCHADEK; ST. LOUIS, MO. 


A review of recent progress in the construction of barges and tow- 
boats for river transportation, particularly in the Mississippi River 
Section, and of provision made for their operation. The towboats 
are of the screw-tunnel type with new features. Traffic by rail in 
the Mississippi Valley has long since reached the capacity of the 
railroads. The need for water transportation facilities was recognized 
by the Government during the war, and under the Federal Control 
Act appropriations were made for the construction and operation of 
river fleets. When the vessels are completed und placed i service, a 
good start will have been made in utilizing our national waterways 
jor the development of industries and commerce. 


HAT great part of our country lying between the Alle- 
gheny and Rocky Mountains, known as the “ Mississippi 
Basin,” contains more than one-half of the country’s 
population and produces three-fourths of its food products and 
one-half of its manufactured products. The Mississippi Valley 
district includes 21 states and has an approximate area of 
1,725,000 square miles, with 120 cities having a population of 
more than 25,000 each. It furthermore contains a number of 
great ports and in addition the country’s greatest waterway. 
The capacity of the 


8-ft. channel in Mississippi from Cairo to St. Louis | 
6-ft. channel in Mississippi from St. Louis to St. Paul ~ 
6-ft. channel in Missouri River from Kansas City to Mists 

sippi River 3 


Provision Mape DurInG THE WAR FOR NEW FLEETS anp THER 
OPERATION 


During the World War the Government recognized the impor 
tance of adequate waterways in time of need. The Federal Gm 
trol Act appropriated funds for new fleets and for immediate 
operation upon inland waterways in which were comprised th 
following developments : 

An appropriation for the Mississippi- Warrior section provided 
for the construction of a new fleet on the lower Mississippi River, 
to consist of six tunnel towboats, 200 ft. by 40 ft. by 10 ft. in 
dimensions, and 40 new steel barges each 230 ft. by 45 ft. by Il 
ft. The larger number of these barges is completed and the bal- 
ance, according to reports, will be ready before June 1. Deliv- 
eries of the six new Steel towboats were scheduled for Mareh, 
June, and July, so that 





railroads of the Missis- 
sippi Valley has long 
since been réached. 
Every one knows of the 
annual shortage of cars 
during the crop-moving 
season, but few realize 
how greatly this inter- 
feres with the flow of 
commodities from 
farmer to consumer. 
To provide ample roll- 
ing stock, trackage and 
terminals to take care 
of this peak load, how- 
ever, would impose on 
the railroads too great 
an investment in equip- 
ment for a compara- 
tively short period of 
the year, so that the 
only remedy for the 
situation is the im- 
provement of water- 
ways as 
many times by the en- 
gineers studying this 
situation. It has been computed that the capital saving in rolling 
stock of the extra equipment alone would pay for the entire cost 
of the waterway improvement within a comparatively few years. 

Our government has spent many millions of dollars upon the 
river improvements in the last 40 years, but hardly one-half of 
the necessary work has been accomplished up to the present time. 

The Newton Bill, pending in Congress, calls for completion of 
the improvements, and covers: 


9-ft. channel in Ohio River from Pittsburgh to Cairo 
9-ft. channel in Mississippi from Cairo to New Orleans 


1The Ruemmeli-Dawley Mfg. Co. 
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Abstract of a paper to be presented at the Spring Meeting, St. Louis, 
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recommended gunatieetiee — ‘ 
Fic. 1 U.S. Snaespoat J. N. Macomb. Steet Hutt BovILt in 1874 
Showing snag drawn up between catamaran bows, to be sawed up and destroyed. 


the complete fleet is ex- 
pected to be in oper 
tion by the end of July. 

The barges under 
construction for the 
lower Mississippi River 
have a capacity 200 
tons each, on 8 ft 
draft, which is twie 
the capacity of the 
largest barges operated 
| // in the present fleet 
One barge has a capa 
ity equal to 100 car 
The towboats for this 
new fleet are of 18H 
hp. each, with a capac 
ity to tow downstream 
five of these barge 
making a total of 
10,000 tons, or 500 ar 
| loads. 

4 An appropriation # 
a about $5,000,000 pit 
: vides for the constlt 
tion of a new fleet@ 
the Warrior, 
and Tombigbee Rivers, to consist of four steel, self-prope 
barges of the double-tunnel type and three tunnel towboats,@ 
140 ft. by 24 ft. by 6 ft. As the bulk of the tonnage om 
rivers consists of coal from Alabama fields to New Orleans 
Mobile, 20 steel cargo retainers of 10 tons capacity each wer 
constructed to stimulate other cargo for northbound trips 
derricks are being installed at terminals to facilitate hand! 

In the very near future there will not be a city or town 
Warrior and Tombigbee River without port facilities. 
being drawn and estimates made of the cost of terminal 
at Demopolis and Jackson, and also at Spocari, six As 
Demopolis. Two- turning basins are to b established on 
Warrior River, one directly opposite the port of Birmingham # 
the other at Locust Fork. These basins, dredging work for 
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Fi. 2 ASSEMBLY OF FLOORS, CENTER-LINE BULKHEADS AND SIDE FRAMES ON ONE OF THE BOATS AT THE EARLY STAGE OF CONSTRUCTION 








Fe. 3 Two 3000-Ton Upper MIssissiprp1 River STEEL BARGES Fic. 4 Scorcu MArtNe Borers Buint in St. Louis, HERE 
IN Tow or U. S. Drepce J/. 8. Taber,.BELow DAM, KrokuK SHOWN BARELY CLEARING THE GRAND AVENUE VIADUCT 





Pr. 5 i . : . 7 
: SHowinG THE Boat FAIRLY ADVANCED WITH THE FoRWARD-CARGO, CENTER-CARGO AND BACK-CARGO SPAce, PRACTICALLY COM- 
PLETED AND WITH THE ENGINE-RooM aNp BorLer-Room Sipes UP 
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will start shortly, will enable the boats to turn without backing. 
Craft with high stacks which cannot pass under Ensley Bridge 
will use the Birmingham basin. 

The New York Barge Canal is to receive 20 modern power self- 
propelled barges each 149 ft. by 20 ft. by 12 ft. and 51 canal 
barges each 150 ft. by 20 ft. by 12 ft. Some concrete barges are 
also being built, but these are too heavy for shallow draft. 

The Inland Waterways shipbuilding program above outlined 
would not be complete without reference to the $3,860,000 appro- 
priation of the Emergency Fleet Corporation for the Upper 
Mississippi River fleet, which will consist of 19 of the most up- 
to-date barges, each 300 ft. by 49 ft. by 10 ft., and four stern- 
wheel towboats 230 ft. by 58 ft. by 8 ft. This fleet is being built 
under the direction of the U. S. War Department, Engineers 
Office, St. Louis District, headed by Major Wilbur Willing, and 
Mr. Wm. 8S. Mitchell, Assistant Engineer, who are directing the 
designing and construction. 


PARTICIPATION IN BOATBUILDING BY St. LovuIs 


When the Government program of building river fleets became 
known to some of the leading citizens of St. Louis they decided 
that this city should also be represented in the shipbuilding pro- 
gram. <A shipbuilding company was accordingly organized and 
incorporated under the name of St. Louis Boat and Engineering 
Company, of which Mr. Edward A. Faust and Mr. Albert 
Ruemmeli are the leaders. 

On account of the war and later the post-war conditions, the 
necessary equipment and arrangement of the shipyard was delayed 
to such an extent that the company could not start operation 
early enough to secure any of the orders for the construction of 
the Lower Mississippi River fleet; but when the proposition for 
building the Upper Mississippi River fleet came up, the company 
was ready and received an order for two of the powerful stern- 
wheel towboats. 

The U. S. Railroad Administration awarded the contract for 
the construction of four self-propelled barges for the Tombigbee, 
Alabama and Warrior Rivers to the St. Louis Boat and Engineer- 
ing Company, and these boats are now being built in the first St. 
Louis construction shipyard. They are of the twin-serew steel 
tunnel type, 280 ft. long, 49 ft. wide and 10 ft. deep, and are 
built for a maximum draft of 7 ft. They are of single-deck, 
shallow-draft, flat-bottom type, built entirely of steel. The ma- 
chinery enclosure is located aft, and the cargo space is all on deck, 
consisting of two steel houses for package freight, one forward 
and one aft, and two steel guards amidship forming coal-cargo 
space. The forecastle head is raised to accommodate part of the 
crew, and other crew quarters are located above the machinery 
enclosure. The pilot house is raised and the captain’s room is 
located above. The center-line bulkhead extends from keel to 
deck and from forward collision bulkhead to engine-room bulk- 
head, all watertight. The cross bulkheads in these barges are 
six in number. 

The propelling machinery consists of two 400-hp. vertical, 
triple-expansion condensing engines, and of two marine-type 
water-tube boilers tor 250 lb. working pressure, arranged for 
foreed draft, for which a fan of 10,000 eu. ft. of air is provided. 
All auxiliaries are arranged for running condensing to collect the 
condensate for feedwater, and the make-up water is carried along 
in tanks, two of which are forward underneath the crew quarters 
and the other four are next the engine room. 


The total capacity 
of these six tanks is 135 tons of water. 


The surface condenser 
has *4-in. outside diameter tubes with 1100 sq. ft. of condensing 
surface. The propellers are four-bladed, two in number, each 6 
ft. 4 in. in diameter, 6 ft. 9 in. pitch. 

The most interesting feature of the construction of these self- 
propelled barges is the selection of propeller drive instead of the 
paddle-wheel drive which, up to the present time, has been in 
use on our rivers. It is known that the propeller drive is 25 per 
cent more efficient than paddle-wheel drive, permitting more com- 
pact arrangement of machinery and reducing not only the size and 
initial cost of the boat, but also its operating expense. 
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Screw-TUNNEL Vs. STERN-WHEEL TOWBOATS 


The origin of the serew-tunnel type of boat is found in the 
English patent of Yarrow and Company for a hinged tlap form- 
ing the adjustable tunnel for a screw propeller. In this country 
the few attempts which have been made to replace the stern- 
wheel towboats with screw-tunnel boats have met with little sue- 
cess because the latter type of boat has not been found effective 
for towing purposes. While making curves with tow, towboats 
must flank or reverse the rotation of the wheel or propeller, in 
order to throw water against the rudders so as to turn the tow, 
which precedes the boat, and prevent its grounding on the bank 
of the river. The rudders of a stern-wheel towboat are connected 
in parallel and at flanking the boat will throw against the rudders 
all the water the wheel is capable of handling, making a powerful 
flanking. 

The present tunnel towboats, besides having the ability to steer 
and flank, are also able to twist. (where one engine runs forward 
and one astern). Their flanking ability with both engines running 
astern, however, is less than one-half that of stern-wheel towboats, 
and twisting, combined with flanking, reduces the total abtlity to 
handle the tow to about one-third that of stern-wheel boats. All 
this is well known to river “rats,” hence their skepticism about 
tunnel towboats. 

The new-type tunnel boats now being built will overcome the 
defects of the present-type tunnel boats by introducing independ- 
ent control of starboard- and port-side rudders. A tunnel towboat 
has one rudder forward of each propeller and one aft of each 
propeller, and these rudders up to the present time have been 
connected in parallel. The new tunnel boats will have rudders, 
one forward and the other aft of propeller on port side, con- 
trolled by one steering mechanism; and in the same way rudders 
on the starboard side will be controlled by another steering 
mechanism. All is ingeniously constructed so that the rudders 
can be operated in parallel or independently, either by power or 
by hand, from pilot house or forecastle. 

By independent control of the two sets of rudders, the total 
ability to handle a tow combines that which comes from steermng, 
twisting, flanking and side thrust of propellers, so that, when 
steering is not sufficient for handling the tow, the ability of flank- 
ing is increased by the ability to twist and side thrust, making the 
total ability to handle the tow as great as for the stern-wheel tow- 
boat, when this ability is based on the proportions of available 
horsepower propelling the boats. 

The ingenious design of this rudder control was introduced and 
designed by the well-known firm of naval architects, Cox and 
Stevens, of New York. They have been engaged by the U. S. 
Railroad Administration to design and direct the construction of 
the new fleets as previously outlined. 


IMPORTANCE OF WATERWAYS TRANSPORTATION 
When all the vessels comprising the U. S. Railroad Administra- 
tion program are placed in service, a fairly good start will have 
been made in utilizing our national waterways for the develop- 
ment of the industries and commerce of the Mississippi Valley. 
The importance of the waterway transportation to the develop- 
ment and welfare of any state or city is clearly shown in the 
project for which the state of Illinois appropriated $20,000,000. 
The project is to connect the terminus of Chicago drainage canal 
in the Desplaines River at Lockport with the Illinois River at 
Utica, a distance of about 60 miles. When this is completed the 
route from Chicago to the Gulf will be realized. Time for con- 
struction of the new canal is estimated as 5 years and the earrying 
vapacity of this new waterway 60,000,000 tons a year. The eapac- 
ity of the Government’s new fleet for the Lower Missippi River 


between St. Louis and New Orleans is 1,000,000 tons. This gives 


us an idea what is still to be accomplished in building new fleets 
to fully utilize the waterways transportation. 

There are now 600 firms in St. Louis selling in foreign markets 
and they did about $75,000,000 worth of foreign trade business 
in 1918, increasing this about 25 per cent during the year 1919. 
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The Separation of Dissolved Gases from Water 


Description of a Method Therefor, Together with Particulars Regarding Its Use in Inhibiting 


Corrosion in Boilers and Economizers and in Increasing the Conductivity 


of Surface Condensers 


By J. Ro. McDI 


This paper covers the results of a research on the separation of 
dissolved gases from water, both on a laboratory and a commercial- 
plant scale. Fundamentally the process consists of the rapid injec- 
tion of heated water into a region of vacuo, and an explosive boiling 
of it at the expense of the heat of the liquid available to the vacuum, 
with a simultaneous recovery of the heat liberated to the vacuum by 
a heat exchanger or condenser cooled by the incoming water, pre- 
liminary to its heating. It is possible to deduce from a résumé of 
existing knowledge the results to be expected in the elimination of 
corrosion from boilers and economizers fed with oxygen-free water. 
Test data cre submitted to show the economies to be 


gained from 


the surface condensation of steam free from non-condensable gases 


both in increased conductivities and higher vacua, and chemical 
analyses suggest the elimination of carbonates dissolved in water 
as bicarbonates in excess of their true solubility as carbonates 

Hk idea upon which the method of separating « ed 

vases from water deseribed in the present paper is based 

was originated by Mr. W. 8. Elhott of Pittsburgh and 
sponsored by him for development under the industrial fellow 
sup system ol the Mellon Institute of Industrial Research, Pitts 
burgh, Pa. It appeared at the conclusion of the laboratory i 
vestigation that the process evolved from the idea illy 
fulfilled three requirements which were regarded as necessary fo1 
commereial utility: It was able to handle water ties 
sufficient for the feeding of power-plant boilers wit nimal 
operating expense and was particularly applicable to this service; 
it was capable of removing all of the dissolved gases in a com 
mereial sense; and it involved no methods or apparatus with 
which the average operating engineer was not familiar. The seale 
of experimentation was therefore enlarged, but the b idea 
underwent no change. 

The solution of gases in water obeys Henry’s law, w states 

that a solvent in contact with a gaseous mixture dissolves the 
component gases in proportion to the partial pressures which they 


exert, provided they do not unite chemically with the solvent. 
Carbon dioxide which unites chemically with water deviates from 
With 


this reservation in mind, it is possible to say that if extraction Is 


this law, but is itself of variable content in atmospheric air 


complete, the gas mixture extracted from water is precisely of 


the same composition as air from which solution was attained. 


At incomplete extractions proportionality factors betwee the 
components appear due to different degrees of solubility. The 


process with which this paper deals might therefore with perfect 
propriety be called “ air separation.” 

The initial laboratory installation consisted of an instantaneous 
water heater drawing its water under pressure from a supply 
main, and delivering heated water under thermostatic control to 
the spray head of a separator. The separator consisted of an 
airtight steel tank with a series of copper return-caseade pans 
supported by a central steel column, over which the spray head 
delivered water uniformly in a thin sheet. The separator tank 
was connected with a barometric tail-pipe column at the bottom 
to remove the treated water and with an air-pump connection at 
the top. Vapors and gases were withdrawn from the air-pump 
connection through a small condenser cooled by the supply water 
to the heater, and equipped with a trap for retaining condensate. 
Non-condensable gases were withdrawn from the condenser by a 
variable-speed motor-driven air pump and passed to a displace- 
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ment air bell, adapted from a standard gas-meter prover, lor 


collection and measurement. ‘Thermometer wells were installed to 


Oo collect 


indicate all significant temperatures and weighing tanks 


and measure treated water. ‘The condensate trap was so valved 
that it could be cut in and out of the system for the purpose of 
collecting the condensate over ated periods, and the all bell 
collected all non-condensable guses, While the provisions tor 
determining all data but volume ot non-condensable gases proved 
adequate and satisfactory, it was immediate covered that th 
auir-bell data were not of consistent accurac l . t ot tii 
laboratory tightness of the complete system. It was according 
necessary to turn to direct testing ot the water whicl | passes 
through the process. The laboratory arrangement is indicate 
in the diagram of Fig. 1. 

Three methods, developed previously by experimenters in other 
ields, were utilized in testing tor the dissolved gas « 
eareful checking had established their aecuracy; Lhe ‘ 
ometrne titration method ot Winkler tor dissolved oxyge 
Kreeman and Preusse’s moditication of Reichardt’s method of bi 
ing; and a displacement with either carbon dioxide or hydro 
gen. As experience soon demonstrated, the degree ot separati 
lissolved gases was so complete that the proportions of « 

gases were the same as fo1 osphet il! WI his fa 

was definitely contirmed by a long series of pipette a ses, re 
lance was placed entirely upon the chemical titration ethod ot 
Winkle 

At the conelusion of about four months’ intermittent test 
the apparatus was taken apart and examined. Steel tank, « ppel 


pans and condenser gave evidence of very accelerated corrosion. 


Cognizanece of this virulent action was taken in the design of th 
first commercial apparatus, and the separator was 1 entirely 
ot cast iron and non-corroding bronzes, whicl rials have 
withstood the eorrosive tendencies for over tou ars ot ex 


perimental operation, 


The laboratory experime nts also deve lope dati rther tact which 


Water which has 
been passed through this process and completely degasified is 


was the cause of much confusion at the 


outset 


never in equilibrium with the temperature as fa 


as solubility 
coneerned., 


Such water has an enormous avidity for redissolvir 


small amounts of air and it is only by the most painstaking 


manipulation that aceurate results are possible in the determin: 


tion of the extent of separation. In the practical application of 


the process, absolutely rigid exclusion of air must be maintained 
if the full benefits of the process are to be secured 
Empirical design 


tactors voverning separator 


volumes, pan 
areas, and the proportioning ot the injection nozzle t 


were adonted 


from the laboratory installation and embodied in the first co) 


irst 
) 
ran, 


Pittsburgh in the autumn oft 


mercial installation which was put in service 
works of the Elliott Company of 
1915. 


time, 


m the Jeat nette, 


This installation has been in routine operatiol 


since thal 
The separator proper was designed for 1000 boiler hp. at 
the outset, and consisted of a 100-hp. Elliott cylindrical heater 
shell with modified water injection, different proportions of water 
storage volume and pan area, and a change of materials to resist 
corrosion. This design of separator has been retained intact, but 
the auxiliary arrangement has been modified three times. At thé 
outset a 300-hp. open feedwater heater was installed to supply 
hot water, and vacuum was maintained by a rotary motor-driven 
dry-air pump in series with a condenser. Condensate from th 
condenser was allowed to drain back into the separator, and the 
air pump discharged non-condensable gases directly into th 
atmosphere; otherwise the scheme of connections was identical 
with that in Fig. 1. 
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An increase in boiler capacity later nade necessary the installa 
tion of a 1000-hp. heater of the same shell type as the separator, 
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in thin sheets exposed to a vapor mixture corresponding in pres 


sure to the vacuum maintained. Under steady conditions of oper 






























































and the entire outfit was repiped and made into an integral vertical ation at a pressure reduction in the separator of 10 in. of mer 
unit as shown in Fig. 2. Simultaneously the mechanieal air pump — cury and admission temperature of 212 deg. fahr., this vapor 
was replaced by a steam ejector and the condenser was mounted mixture corresponds to an air content roughly 0.11 per cent by 
on the atmospherie side to reeover the ejector steam, condensit: weight but 0.07 per cent by volun The water vapor is un 
drainage being now into the heater instead of the separator. doubtedly in equilibrium with its liquid, and as such is relatively 
It was felt at the beginning that condenser conductivities woul! dense and moist. With a separator water-storage volume corre 
he very low on such vapor mixtures as are withdrawn trom the sponding to two minutes’ operation at rating, it is impossible to 
-eparator of an air-extraction apparatus, and a condenser of a detect at any rate of operation a temperature depressior the 
relatively large capacity was installed. This condenser was re Vapor mixture or in the water leaving the separator below that 
noved trom the apparatus when opportunity pe rmitted and tested corresponding to the vapor temperature of the vacuun Water, 
nder the same eirenlation rates and with steam-air mixtures of vapor, and total pressure are therefore in equilibrian he most 
} Cola -Water seul 
Supply 
‘ t sar ae tp 
| 
[] : Heate 
= | Ca FF 
Motor i 
Jenser 
Gasormmefter | : 
V WA " 
q i 
A 2ump Va! "an | 
Valve 4 
3 
v 
the same composition as those imposed in practice. These tests Separator 
gave a condenser conductivity of from 50 to 60 B.t.u. per hr. per 
sq. ft. per deg. fahr. temperature difference. The condenser oper 
ates, however, with a large temperature gradient, and the actual 
transfer per unit of surface is very high. The design is strictly 
conventional, having four water passes with the circulation 
through the tubes. l| 
Fig. 3 is plotted between percentages of separation as ordinates 
and vacua referred to a 30-in. barometer as abscissw for a water- Tal Pie 
temperature admission to the separator of 212 deg. fahr., corre fm 
ponding to atmospherie equilibrium. This curve is the graphical = 
average of a large number of determinations made both with the “ 
laboratory and the ceommercial-size apparatus. Percentage of 
separation is defined for the purposes ot these curves as the ratio mY [.ARORATOE SEPARATION RQUIEMERT 
of the quantity of gases removed to that actually present in the 
raw water, and the ealeulations were made in terms of volume. — logical conclusion to be deduced from this is that, with the eon 


Caleulation in terms of weight would, however, have had identical 
values. 

The mechanism of the separation appears to depend upon three 
factors: 
the 


namely, the natural decrease of solubility with tempera 


and the reduction ot 


with 


mechanical agitation of boiling, 
The amounts 


roughly to 70 per eent of the volume at normal temperatures, 


Ture, 


pressure. reduction of solubility heating 


and separation to this extent was arbitrarily credited to thi 


heater. 
Water at 


of t 


212 deg. fahr. injected suddenly into the region of 
he separator has considerable heat available to the 
boils with explosive violence at the expense of the 


vacuum 
vacuum and 
heat of the liquid, behaving exactly as though it were super- 
heated. Vapor bubbles form upon minute entrained air bubbles 
as nuclei, and in passing off mto the region of reduced pressure 
mechanically take some portion of the dissolved air with them. 

3v far the major portion of the separation, particularly in the 
elimination of the final traces of dissolved gases, is accomplished 
hy the reduction of partial pressure and represents a simple ap 


plication of Henry’s law. The water flows through the separator 


tinuous sweep of the wet 
the 


trainment substantially 


, dense water vapor from the separator, 
the air component o! apor pressure has been redueed by en 
that the 
ot 


KXxperiments by the writer have confirmed 


o zero, and has fur 


prranee S 


nished a very simple and efficient means securing suen a 
reduction of pressure. 
the results of other investigators that it is impossible to secure 
complete separation within a reasonable time by pressure reduc 
tion alone in exeess of 80 per cent of saturation, provided the 
water is refrigerated to prevent vapor evolution. This is primar 
ily a question of apparatus, since vacuum pumps of types which 
permit of this experiment are invariably of low volumetrie capac 
itv at extreme vacua. 

It was found early in the experimental work that water 1 
pipe lines and in small streams unpolluted by sewerage is likely 
to be supersaturated with air. It was aeeordingly necessary to 


analyze water both before and after entering the process to get 


Entering water tei 
peratures fell continuously within the range of 38 deg. fahr. to 
70 deg fahr., but did not in the least conform to solubility-table 
It is signifieant of the physical phe- 


the measure of the results accomplished. 


values of dissolved gases. 






























































MAY 
1920 MECHANICAL ENGINEERING 27 
nomena underlying the method that at low degrees of tion equipment can be made suffieiently flexible ¢ nee or 
(70 to 95 per cent) the test results indicate a definit ot of applieatior Where a steam ejector ised. howe t is 
separation rather than the reduction of dissolved gas « to destrable to bdivide condensing eapac r on n to 
a definite small value At separation values much i ‘ eondense the apors withdraw rol yen? elie 
Qh per cent, the quantity ol gases remaining 1s ¢s ! the elector of the dutv of « T itine the r eto 
small that aceuracyv of testing is a limiting feature ne to recover the heat of the ector ul he ( ar 
such a conelusior nto this rane It is the writer’s f) ) ‘ ctor set aT ‘ 1) he mp ( 
that the flat asvmptotie portion of the curve in F } rt ind veloe comp ! fa ( 
complete sé ! nm) of gascs, bul it is mmpossible to 0 1 ! ( ! ( ( 
i } prese n oxvgen separation | ted ( ey 
1 separator i ! \ i constal parato ‘ \ elo 
ent of 22 ce | ! rates the effeet of vai ! () ! ‘ 
r The separate miperature rad or 22 ¢ eam ¢ ! ( ( onl re 
ects ‘ ! ! Lille i Could ( I ( vial 
Cs in heater ha separato 
Caretul t }) vo | ‘ 
mes Ippriec he separa ! i c ‘ ‘ 
dic open-heater 1 } , { 
vater in 1S passage rou ( tena r | 
were standard with the inutacturer, were ‘ 
tmosphere Bo ‘ hese he ! were ab ra) ! 
enpaelty 300 and 1000 bottler tr) tf water with 
mperature drop or il sph \\ wa ! 
hye sti thr water 77 ot bho ‘ } 7 ‘ ’ hy ’ 
‘ placement into spee a) 
ur without re isl! e pre re ol ! he temperatur 
These tests gave reductions of r ot o1 0 to 
1) per cent, Dut When a THhdiaat ( ( 
displacement in an ope bottle. result nidieated ft 60 
per cent at 212 deg. tahr. and ; iximum of 78 per cent 34 
deg Lanr Within thi rang ot temperat 
OM b-hiry enter viewed throug window i hlan] | req 
connector iwains submerge: candesc mp | » a 
wared to be milk with enti er Hubble \\ el 
ra lion Tro sucn n wer ¢ Thess \ 1) ! " 
nn he writer cannot help b te tro he stand; 
dissoived-air separation ti I ‘ wate! ‘ f 
steam is an essentially ditferer roposition trom he ro 
ibmerged nd wetted s t ( ( I ( 
ment with ran 0 jul PSP ¢ . 
‘ ( oO heater ¢ tive ‘ ‘ rie 
©) (fer ora “ thre eate 
this work was undertaker ni strial-researe] lem 
nh the expe 0 that \ 1 ive two ad ‘ rf 
isefulness the elimination of bh ( dd eco ( ( oO 
voller plants, and OL that ot e distrib CCT 
ral station he itin and he mprovemel or ‘ et 
lace condensation of steam. It developed in the « I ( 
( . tow had additional merit n the re ‘ 
! halt-combined earbon dioxide e matter of , 
VS recelver wide i th ’ Pe) rr 
i 1 st amoul 0 estigationa ‘ ‘ 
l aL ‘ VeRTICAL-UNItT Co INs sting knowle ‘ vas all that was needes oO est . } 
his curve is plotted in terms of dissolved oy — — se = © = = 
Ss ed ml was «ae rmines the met! ‘ nsa I md the rem 1 I ! I ) 
ssolved air being too inaccurate to apply over tlie vauit = was realized that direct ex ental proot 1 
+* ] 
of the range. It is, however, probably of equal ap itted to carry any convictior 
| ‘ veratio 0 i separator quuryp rie (‘a ‘ 
mi} raighttorward as it c¢an coneeivab At a 
<tayr i ! nnd acai ww! ‘ ip) rature ( \ ere {) the fuses adIssol l l W I ! 
Vy the separator is in exact equilibrium with the vap CSSUTE nvVarogel ~ Inert e@Ne I mothe yn ol \ 
‘ per: re of the vacuum, and the inerease of pump ( carbon dioxide a | wents producn bork Ce ! t 
; xactly measured by the pressure head correspond » the COTTOS1O} Similarly ino! he dissolved — sé mag 
vacuum, The amount of heat in the vapor mixture and th. unt chloride and soluble nitrates are to b cludes Sor 
of condensed \ ipor to be handled by the condenser ¢ai e ca dependent upo ocahitv, conta varochiori t ! 
culated from the heat drop in the separator, and Is constant! cluded in the same eategor [rresp ‘ ' 
at any specified rating. The cireulation ratio in the condenser, however, all eases of boiler or « on r corrosion at 
which handles all the supply water in its cooling cireuit, is con either those of oxygen oxidation or of electrolytic currents. 1 
stant for all rates of flow. Negleeting radiation, heat losses ar one notation is the best vehicle for explaining é echat 1 of 
ibstantially zero. The arrangement of exhanster and condensing the oxidation process, and in the c mplete paper recourse is had 
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thereto to demonstrate that dissolved oxygen and dissolved carbon 
dioxide, both of which are removed by the process, are responsible 
for the dangerous features of boiler and economizer corrosion : 
the former by destroying the inhibitive polarization and displac- 
ing the equilibria of the inevitable slight solution of iron in water; 
the latter by increasing the concentration of hydrogen iron and 
with it the initial tendency of the iron to dissolve. 

Carbonie acid contributes to the acidity of boiler waters and, 
as a corollary, to the electrolytic action, and, being volatile, 
mingles with the steam. In this sense whatever portion of it that 
returns with the condensate is cyclic in its effects. From its abil- 
ity to dissolve ferrous carbonate as ferrous bicarbonate it tends 
to concentrate all the products of pipe-line corrosion in heating 
systems in the boiler itself, and makes the apparent boiler corro- 
sion much greater than it really is. Certainly it is a very unde- 
sirable constituent of boiler waters, but not nearly so dangerous 
as dissolved oxygen. 

A high-pressure steam boiler is so complicated a chemical 
factory that there can be no general panacea for its ailments, but 
it is thought that the removal of dissolved oxygen and earbon 
dioxide is a decidedly effective step in the elimination of 
Since it is a basic attack at the root of the evil, it 
will contribute to the suecess of all methods of eliminating corro- 


corrosion. 


sion which engineering experience has found good, but as long 
as boilers are made of iron and fed with water, some corrosion is 
inevitable. Boiler compounds, alkalinity, electric potentials, ete., 
are involved with such an infinitely variable condition of equilibria 
within the boiler that their success in practice can only be partial, 
while the effect of the removal of dissolved gases is aimed at the 
equilibria conditions themselves and is self-regulating. 

The internal corrosion of economizer tubes is a phenomenon 
closely parallel with that of the corrosion of boilers. The corro 
sion here is more severe and localized and the corrosion products 
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more alarming to the eye, although this is due primarily to a 
superticial change in the water of crystallization of the resulting 
hydrated iron oxides. The increasing cost of coal is bound to 
increase the use of economizers, but unfortunately both the cast- 
iron and the steel-tube types are unfavorably regarded, the former 
because of its uncertain factor of safety and the latter from its 
liability to corrode. Necessity, however, has already developed 
the steel-tube economizer closely along the type of header and 
tube construction used in boilers, and economizer boiler units are 
now available which show ‘a decided increase in evaporative effi- 
ciency and reduction of cost over straight boiler units. The 
removal of carbon dioxide and oxygen will undoubtedly prolong 
the life of cast-iron economizers greatly, and will make the in- 
stallation of steel-tube economizers economically practical and 
conservative. On this basis the gas-removal process will have 
technical significance in the future greater than it has at present. 


SCALE PRECIPITATION 
Carbon dioxide exists in water as carbonic acid (H,CO_.), which 
is capable of combining with carbonates to form bicarbonates; 
thus, 


Ca(CO,) + H,(CO,) = CaH,(CO,), 
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The earbonates of calcium and magnesium are soluble in the pro- 
portions of 23 and 106 parts per million by weight as carbonates, 
or, in other words, in water free from carbon dioxide, but soluble 
as bicarbonates in any proportion in which they are apt to exist 
in natural waters. Bicarbonates of either of these elements are 
metastable and readily part with their carbonic acid under the 
conditions existing in the separation equipment, being reduced to 
carbonates and precipitated in excess of their solubility values. 
Sodium carbonate and bicarbonate are soluble in all proportions, 
although half-combined earbon dioxide is also removed. 

The air-separation equipment has been tried out on two waters; 
one from the water mains of the city of Pittsburgh, which had 
been drawn through a filtration plant from the Allegheny River; 
the other from a small local stream that supplies the Jeannette, 
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Both waters were trom the 


Pa., works of the Elliott Company. 


same water shed and had the same general analysis. 


Allegheny Surface Stream 
City of Pittsburgh Jeannette, P 
l’arts per million Parts per million 
Dn Be cava coh gh besa ve Ger cg ae 24.92 Ld.6 
oO) Sr ee 130.55 18.2 
| | £.59 15.7 
NaCl 3.63 3.5 
Na. SO 1.87 0 
kFesO 14 a1) 
ALSO, ..... 19.07 ISS 
SEIS i 'aaie ig rei@ais tre anata os rae 4.94 Ow” 
CORMRIEE WOEMEEO oo cies we cess wnewe 27.00 WA 
EE acorns eek whe rah 225.09 93. 
Total as determined ........... 214.0 ST 


The effect of the process in eliminating ealeium carbonate was 
initially discovered by the soap titration test of Clark on a 
cooled and decanted sample of water which had been put through 
the process. It was difficult, however, to determine the dilution 
of the water with exhaust steam in the heater, and results from 
the method were only indicative. Careful gravimetric tests over 
the period June 1 to November 1, 1919, supplemented by careful 
volumetric titrations with phenolpthalein and methy! orange indi- 
cators, gave a uniform series of results running from 18 to 25 
parts per million of CaCO,, which agreed closely with solubility 
values. While exhaust-steam dilution appeared also in these re- 
sults, the reduction was greater than could possibly be accounted 
for by dilution, and agrees closely with solubility values. The 
water after passing through the separation process invariably 
gave a pink color with phenolpthalein, although it gave no colora 
tion before, indicating thereby the elimination of free carbon 
dioxide. Technical boiler water analysis is, however, so much a 
matter of hypothesis that such results as the foregoing may be 
regarded as confirmatory but not conclusive. 

Calcium carbonate precipitates out of the hot solution of the 
process as a colloid, which coagulates very rapidly into a flocculent 
precipitate and becomes granular by the time it arrives in the 
boiler, where it is deposited as sludge. Seale taken from the boil- 
ers during the operation of the separation equipment gave only 
traces of calcium carbonate, although the sludge from the bottom 
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of the boilers contained a sufficient amount of it to be efferveseent 
when treated with acid. No trouble was ever experienced from 
sealing of the boiler feed limes. 


SURFACE CONDENSATION 


The surface condensation of steam involves three distinct phys- 
ical steps: the conduction of heat through a definite thickness of 
metal—the tube wall; and two boundary conditions, the transfer 
of heat from a vapor to a metal, and the transfer of heat from 
a metal to a liquid. In the surface condenser this latter condition 
is dependent upon the velocity, viscosity and temperature of the 
cooling water and the laws of the heat transfer are not definitely 


understandable. The other boundary condition is complicated 
in practice because the area exposed to steam flow is surrounded 
by a rarefied air film so that in reality two heat transfers are 
volved: from the steam to the air film and from the air film 
o the metal surface. The elimination of this fil: ( n-con 
lela 
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PRESSURE AND VACUUM 
alt ras and the attainment ot an ideal boundar eondition 
is all that the air separation can possibly attain. It is to be ex 


pected that it will inerease the conductivity by eliminating the 
resistance of the air film and increase the vacuum by reducing the 
partial vapor pressure; but the intricacy of the experimental 
data is very apt to obseure the simple physical fact involved. 

In the experiments on surface condensation the boilers were 
fed with water which had been put through the air separation 
process and which was practically air free; and high-pressure 
steam was conducted to a cast-iron baffled cone bolted to the steam 
inlet of the condenser, expanded to condenser pressure, and al- 
lowed to enter the condenser with considerable velocity but no 
impingement. Two surface condensers of very dissimilar types 
were tested under these conditions. The first was of an antiquated 
type designed for engine service. The second was one furnished 
by the C. H. Wheeler Manufacturing Company after a design 
which had been built for the Bureau of Mines for experimental 
purposes, and was the type of unit that would ordinarily be fur- 
nished for a 100-kw. turbine. It consisted of 228 tubes, 5¢ in. 
0. D., No. 18 B. W. G., with an active length of 8 ft., arranged 
in three water passes; ealeulated area, 301.7 sq. ft. It was fur- 
nished with a steam baffle and air-pump suction baffle, and was 
without rain plates, steam lanes or differential spacing. It was 
equipped with a motor-driven centrifugal condensate pump with 
condensate-water-sealed glands, and a 16-in. by 18-in. Rotrex 
dry-vacuum pump. This pump was separately motor-driven at 
constant speed, was arranged for separate sealing water injec 
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tion, and at its operating speed had a volumetric capacity of 63.3 
cu, ft. per min. 

Vacuum was measured at the air-pump suction and at the 
nozzle, a special gage being made by welding a connection to the 
top of a U. S. Weather Bureau mercurial barometer. The air 
entering the top of the mereury column was chemically dried, 
the vacuum was never released, and the piping was all of copper 


tubing. This gage had a reading accuracy of 0.01 in. of mereury, 
and it is felt that the accuracy is consistent. 


A thermometer well was inserted into the air-pump suction in 


the hope that it would furnish a check on the gage. The curious 
situation developed that, while a thermometer well drilled in a 
lange ot the pipe wall which was insulated with hair felt main- 
tained within 0.1 deg. fahr. of the temperature of th cuum, the 
thermometer well projecting into the pipe showed a temperature 
several degrees higher at extremely high vacuum e., 0.01 to 
0.05 in. of mereury of the theoretical absolute) and equaled the 
temperature of the pipe at lower vacuum. The o1 plausible 
explanation was that the air particles were carried along in the 
rarefied vapor stream with a translatory motion but wit pres 
sure so close to zero that all sensible molecular vibrat motior 
had ceased. 

The temperature of the condensate was measur ther 
mometer well immediately below the exit trom the condenser, 
mercury-filled and equipped with a certified thermometer readi 
to 0.1 deg. fahr. With the ecentnf igal pump the condensate re 
moval was continuous Heat transfer was determined from the 
femperature rise and weight of cooling water. Cooling water was 


delivered under constant gravity head through a regulating valve. 


and after roing t rough the co denser passed throug baffled 


weir box and over a 90-deg. weir. This weir was sharp-edged, ¢ 
lrom 1, in. brass plate and mounted against a rig 


with a commercially plane surface. 


A method ot checking this heat transfer was adont« whicl 
s curious in that it was successful, although the apparent odds 
against it were rather high. Steam was admitted to the eo Oo} 
alve on the condenser after having been throttled fr 
pressure to 85 lb. gage by an automatic reducing y i 
ts passage trom the boiler to reducing valve the quality w 
measured. The condensate for an entire test was we 
large weighing tank. The sealing water from the air | mp w: 
weighed, its temperature rise measured, the amount of condense: 
steam calculated, and the amount of heat withdrawn with the air 
pump vapors determined. The expansion of the steam into th 
condenser was assumed as one of constant heat content. Thi 


obviously did not represent the actual nature of 
vet it was difficult to conceive of ar appreciable quantity of heat 


being lost in the process. This heat value of the steam was co1 


rected for initial quality, heat withdrawn by the condensate and 
by the air-pump vapors, but no correction was applied for radia 


} 


tion from or to the condenser shell. From this ecaleulation heat 
transfer was computed and compared with that obtained from 
cooling-water measurement. The agreement between these values 


is the part that is curious. In a total of 52 tests the maximun 


difference is 35 per cent, the agreement perfect in two instances, 


and the average difference 7 per cent. The conductivities varied 
from 129 to 949 B.t.u. per sq. ft. per hr. per deg. fahr. difference: 
in temperature. 

In order to provide for as precise a comparison as possibl 
between tests with air and those without air, a series of tests was 
run in which air was not extracted from the water before it e 
tered the boiler, although it was heated up to atmospherie tem 
perature in the open heater of the separation equipment. Air 
was not admitted directly into the condenser because no means 
of measuring the quantity admitted was known which would b« 
of consistent accuracy with the remainder of the experiments 
Such tests as either of these series are evidently not representa 
tive of operating conditions, in that they were performed upo1 
a condenser of air-tightness far in excess of anything attained 
in commercial operation. They are an attempt toward an ideal 
condition of condensation, however, and are offered as being of 
specific interest because they apply to an actual condenser 
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account of the volume of the data of these tests, some 3400 


tabular values, it is not practicable to publish the complete log 


resent maper, However, a log ot two tests 
| pay 


one-third of its original volume Is given In 


specimen 


COncdenst a to about 


to make a numerical com 
the 


use of these who wis 


Fable 1 for t 


retweel he two groups, and the remainder ot data 


is presented in the form of curves, between such groupings of 


coordinates as are conventional in the re preseniation ol condenser 


raise conductivity without re 


Most of the 


in the air-free tests took place in the upper tube banks; the trans 


ars to be impossible to 


course to methods that are freakish heat transter 


fer of heat was enormous, but without the additional refrigerating 
effect of the lower tubes it would have been impossible to secur 


rABLE 1 SPECIMEN LOG OF TESTS (CONDENSED) 
Separated With Air 

Darts 8/23/17 8/23/17 
Duration, hours l l 
Barometric press i He 28.06 28.08 
Condensate, Ib. . 2,958 3.201 
(Condensate, 1b, per sq. It. per hil Ul LO.61 
Condensate temperature, dex. fah SY.1 S7.1 
femperature cooling in, deg. falit 67.8 64.2 
Temperature oling out. dex. fah 82S su.4 
Hleat rise, cooling, B.t.u 14.96 16.16 
Weir head {1 OSL O.6S2 
Weir volume,.cu. ft. per min §.852 852 
Specific weigit, ib. per cu, It 62.20 62.2 
Weight cooing, Ib, per min BOS O40 
Weight cooling, Ib. per ht 218,322 18.424 
Potal heat to cooling, B.t.u > 266,007 $3.538,460 
Mean temperature difference log. deg. fahi 76.7 73.6 
Vacuum in condenser, inches Hg...... 28.60 28.57 
lremperature of vacuum, deg. fahr : SYD 90.2 
Absolute pressure in condenser, Ib. per sq. in 1.40 1.43 
Hieat transfer, B.t.u. per sq. ft. per hr. per deg 

fanr . i- = S46 TOG 
Vapor pressure of condensate, inches Hx 28.62 2s.70 
Cooling-water velocity, ft. per se 8.47 8.47 


(‘ooling-water ratio i: is 


With the 


the apparent conductivity was decreased. 


a satistactory vacuum. necessary retrigerating area 


The following data are significant of the range covered by the 
tests as a whole: 


Maximum Minimum 


Condensation rate, Ib. per sq. ft. per hr........  IS8.87 2.82 
Cooling-water ratio bya! wicana eiatacs 174.5 8.7 
Cooling-water velocity, ft. per sec.......... 11.94 2.00 
Cooling-water temperature, deg. fahr. re O.0 oo.0 
(ooling-water rise in temperature, deg. fahr. 122.5 6S 


lig. 5 is plotted between barometer minus the vapor pressure 
of the condensate as ordinates and vacuum as abscisse, a solid 
line representing equilibrium being drawn thereon. The retriger 
ating effect is very decisively indicated. The condenser circulation 
was contraflow, three-pass, and in the air-free tests no transfer 
be detected in the first Simultaneously the vacuum 


drop in the condenser fell from 0.2 in. of 5000 Ib. 


could pass. 


mereury tor 
condensation per hour and 29-in. vacuum air to zero at all rates 
Unfortunately these data were 


tematically taken, since it was not known at the outset just where 


up to 5700 without air. not sys 


he advantages of air separation would appear. Ordinarily with 
steam-air mixtures and very efficient air removal from the con- 
denser the phenomenon is exactly reversed, the maximum rise 
and the maximum transfer taking place in the lower tubes. It 
was possible by closing a valve in the air-pump suction to operate 
for 
vacuum at vacua as high as 29.06 in. 
the 


hour with a drop of 0.05 in. of 
When the valve was closed 


the condenser easily an 


“ame into equilibrium 
amounted 


condensate temperature immediately 
with the vacuum. When, however, the loss of vacuum 
to 0.1 in., the further drop was very rapid, amounting to a com- 
plete loss in about 10 minutes. The law of loss of vacuum was 
not definitely determined, but it was never a straight-line function 
of the time. 
was never any opportunity for “ drowned ” tubes. 

The tightness of the condenser was maintained by three meth- 
ods: filling the steam space with water under pressure and watch- 


Under the conditions of condensate removal there 


ing for leaks; filling with compressed air under a pressure of 
about 10 lb. per sq. in, and painting with soap suds; and pump- 
down tests with a laboratory high-vacuum pump. If pump-down 
tests showed a leakage greater than 0.1 in. mereury per hour, 
Loss of vacuum under pump-down 


tests were never performed. 
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conditions was always a straight-line function of the time over 
a period of several hours. Curiously, however, tests on the con- 
denser operating wiih air-free steam showed higher vacuum than 
loss oft 


it was possible to secure on pump-down tests, and thie 


vacuum in such operation tollowed an entirely different law. 


ric. 6, giving relation between condensate depression (tempera 
ture of the vacuulm minus Lemperalure of the condensate ana 
conduetivity, shows again and more pronouncedly than Fig. 5 
ie effect of refrigeration in the lower tube banks. 

CONCLUSIONS 

A ecaretul consideration of the data o these tests 1 ill the 
phases has led the writer to the following conclusions, the ba 
for tormine which he has untortunately not beet ble to make 
together clear: 

t A comparison between individual tests on air-tree steam and 


steam with air which are sufliciently alike in the variable quantity 


values or which it has been possible to reduce to a satistactors 
basis of comparison, indicates an increase in conductivity of about 
20 per cent, figured upon the entire area of the condenser 

bh It is possible to reduce the air component of the vapor 


pressure in a tight condenser to within an immeasurable amount 
areas im the 


of zero, and simultaneously eliminate all dead con 


denser due to air blanketing. 


sation oO 


The fundamental problem in conden 


Ss hot to conduet thre eat but to get rid ot it atter it Is cor tec 
155 — “ 
Wthhir @ 
u 4 
| 
< | } 
| 
, J 
‘ 
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G \ Powe 
oo si @ 
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l 
¢ 190 20 mM) 4 0 SO oo K 1. ) 
Conductivitu, 8 tu pe.Sq Ft per Hr per Deg Fahr Temp Difference 
Fic. (§ RELATION RETWEEN CONDENSATE DEPRESSION AND 


CONDUCTIVITY 


The economical limit of 


permissible hydraulie losses will limit 


conductivities to substantially the values that are used com 
mercial practice today. 

a In the condensation of air-tree steam two processes are 1 
volved: the actual condensation and the retrigeration of thi 
liquid, which take place in different zones and are distinctively 


different processes. One process disposes ot the heat and th 


other produces the vacuum, and each is therefore as ndispensabl: 


the zone ot condensation heat trinsters reac 


In the 


are 


other. In 


as the 


enormous values. zone ot refrigeration both heat transte1 


and heat available very low, and the econduetion ts from a 
In this zone a very close spacing of tubes 1s 


liquid to a liquid. 


permissible, and any change in design which would substitut: 


water films for water droplets would be a construccive 
data of the 


least to 


prove 


isolate from the ests the fact 


30 


ment. It is possible to 
that the zone of 
of the tube area, and the reduction of vacuum loss indicates it to 
The ratio of temperature rise between the different 


circulating-water passes is radically altered from operation with 


condensation is limited at per cent 


be much less. 
very slight amounts of air. 

e From the radically different rates at which heat is trans 
mitted in the different zones, it is impossible in tests on condensers 
of different types with air-free steam to arrive at any data from 
which to formulate or verify laws on the conduction of heat 
Neither is it possible to apply such laws without an empirical 
assumption on the distribution of heat between the various tube 
banks. These tests, while they truly represent the condensation 
of air-free steam, contribute no information on numerical values 


of actual conductivities. 




















A Stoker tor Burning Eastern Coals 


Particulars Regarding a 
Draft is Employed and Iligh | 


By lL. RR frOWE,; ST. LOUIS, MO 
It is well known that the chiel dificulty in” burnin astern | ‘ 
bituminous fuels on chain-grate stokers is due to the fact that they ( ( ( , 
cake or coalesce under the arch, and thus prevent the entr of air ha ‘ ) 
through the fuel bed and check combustion. As a result of tivo vears ches ‘ ) ! 
of experimental work a stoker has been developed by the Lacled: ( ) ‘ 
Christy Clay Products Company which, it is claimed, n used 0 do O yr'e 
satistactorily with eastern bituminous fuels This stoker, which the ea ‘ ' ) ‘ 
author describes, is ‘of the convevor-feed type and operate with | u ( eu , \ eq , 
mechanical draft. High ignition temperatures are employe: he air wel D ( 1) ) r tl 
supply is graduated from feeding end to discharge end, ar he fire ( : si 
is thickened at the point of ash discharge, all of which is d to re pp ‘ ! the ( 
sult in the prevention of caking, the assurance of a CO ent of ec! ‘ CO} | 
from 10 to 12 per cent and an intimate mixture of air with the com ‘ I veve 
bustible gas. Further, rates of burning up to 60 Lb. per ft. of 
grate area per hour are obtained, as compared with the 25 to 35 lb 
on chain grates, and the percentage of combustible in t/ sh is 
reduced 50 per cent 
“Qork ‘ ) we irs the Laeclede- ristyv ( ets 
Company has beet Ypermmer ! ol i ‘ il 
Ker lor “ t} irious kinds of f his 
eounty he oket used emplo s the « nvevor ! ‘ dl 
( progressively moving chaim-grate conve nts 
eed ( ) hro the turnace and discharge the ‘ 
shpit. Fi l shows the test boiler and stoker 
The teature of the conveyer teed that com ‘ s its 
udling ot the fuel bed in a_ positive, definite By 
riking off the fuel evenly under a feed gate and lly 
carrving it o hrough the furnace and over sh 
scharge, this mechanism prevents in a large evils 
ss positive feeding devices, namely, specifica es 
balled-up 0 ind imp ble clinker formation vd 
intages of cor vor teeding are very attra ‘ e} 
designer, and as a result of this a ad of the fac el 
eeds have quite thoroughly demonstrated the ¢ res 
pres 1 raif mar builders in now exp yr ol 
evelopit rio rn 0 oreed-dr fee 
< ! ly \ worl } ection character orts 
‘ ‘ r industr ese! tim ! wing 
preertde ! ur he experimental worl ec 
( ! ( " \ , } res is atta ‘ , 
prove fi nlere 
lor inv \ irs 1 nas the juile clearly ¢ ib eal 
every requirement of a successful stoker is laekine urnine 
cil ng fuels on chain grates with natural dra cakes I 1 7 or Bk eiie. Glee 
till st imi ‘ ately upon entering the turnace } , ) 
g¢ cannot be seeured, the combustible content of th s hig 
the admission of the air is not properly graduated to 1 require ae seny? omg so Nave made possi © appr ‘ 
ments of the Various stages olf combustion. md n cee oft COMVEYOR LOC 0 the burning of eastern « atS 
links 1s excessive rhis is eed a complete indi wit] Ma —— ons new stoker the i vI era 
the sole exception that I » automatic features re » § wires re ry = oe and en on wx 
evidence, it mav be said that the performance of chain grates o1 a 0 . n uur are foreed through the fuel bed, thus provi: 
eastern bituminous coals violates every requirement of ; cessful ae : 7 per ae of 8 ner oxygen In a Shor me to destro 
toker. e initial eaking tendeney Moreover, it is reasonable to ppose 
thai ' . 
It is well known that the eaking property of east: eoal ner hyo carey ially high temperatures at the Same time « 
the most serious obstacle in the wav of the suecessfu of this iat — re a in the destructive distillation than tha 
fuel on chain rrates In endeavoring to burn Poeahor s and ee proses ager) ake ia aes . 
similar coals it is observed that tarry oils flow through the fuel : a absence Ol Pe formation has almost as marked a 
hed as a result of the applieation of heat at moderat nupera eee oe oe _ of the fre as on that portion under th 
arch, because since coke is not formed in the distillation zon 
Stoker Dept., Laclede-Christy Clay Products Co the cemented coke lumps cannot be present in the final stages of 
Mo. May D4 coat er en "te sented at the Spring Meeting. St. Louis combustion, The individual pieces of coal retain their identity 
9 wll Peer D edie Bond ae Aen AN SOCIETY OF MECHANICAL ENGINEERS exactly the same as when Illinois coal is used. with the result that 
ition All papers are subject m. te Bey ve obtained gratis PI the fuel bed } ha ; } . x ss 
on, las the soft, incandescent and fluffy appearance 
279 


Newly Developed Stoke 


r of the Convey or-Feed Type in Which Forced 


Are Obtained 


fates of Burning 




















280 MECHANICAL 
which every chain-grate fireman realizes means economy and 
high rates of burning. The absence of coke formation in the 
final stages of combustion will be mentioned again. 


THE New STOKER 


A description of the final apparatus decided on is advisable 
at this point for the purpose of showing how the high initial 
Fig. 2 is a view of the grate surface, 
The arrows indicated by A point 
to narrow chain-grate or conveying elements, about 4 in. wide 
In the intervening 3-in. spaces are 
At the lower 


temperatures are attained. 
its general incline being 20 deg. 


and placed on 7-in. centers. 
placed stationary tuyeres indicated by arrows at B. 
end of the grate surface the tuyeres B terminate in short pivoted 
which are made automatically to rise above, then drop 
below the surface of the conveyor chains. This action takes place 
D is a teed gate, adjustable to give various thicknesses 
of fire exactly as on a chain grate. Partly overhanging the vi 
brating bars C is the bridge wall EF, shown cut away in the center. 
An ignition arch is shown at F. This latter provision conforms 
to chain-grate practice except that with the greater incline of the 
grate the arch is farther away from the fire. Fig. 3 shows a 
cross-sectional side elevation of the stoker and boiler and Fig. 4 


details of the conveying elements marked A in Fig. 2. 


bars C 


slowly. 


\ / 
IL f_ 




















Fic. 2 View OF THE GRATE SURFACE AND FURNACE TESTED 

Close study of chain-grate practice has revealed much in the art 
of building up high ignition temperatures. A great expanse of 
bridge wall extending from a point horizontal with the arch to or 
nearly to the fuel bed is known to be of utmost value in directing 
heat on to the incoming fuel. This is the surface indicated by 
A in Fig. 3. The steep incline of the stoker in question permits 
this dimension A to be greatly extended over that possible with 
the ordinary chain grate. Moreover, it exposes the fuel bed more 
directly to the intense heat reflected from the bridge wall and the 
flame in front of it. 

The form of arch was also taken from chain-grate practice and 
its design and placement has, of course, contributed its part 
toward the building up of the high fuel-bed and ignition tempera- 
tures that play so important a part in preventing the eaking and 
ultimate coking of the fuel. 

In view of the troubles known to exist with eastern fuels when 
using a stoker that conveys the fuel undisturbed into the furnace, 
the author deems it advisable to give a further description of 
the stoker in question in the light of what is required today in 
the economical burning of coal for the generation of steam, touch- 
ing particularly on those features that have been prominently 
wrong with chain grates. The following outline presents the 
entire situation at a glance, and later in the paper each of the 
items therein is briefly touched upon. 
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PRESENT-DAY REQUIREMENTS OF AN AUTOMATIC STOKER COM- 
PARED WITH THE PERFORMANCE OF CHAIN-GRATE AND CON- 

VEYOR-FEED STOKERS—EACH USING EASTERN COALS 

Results Obtained With Eastern Coals 

Requirements of the Se = 

Present-Day Stoker 

With Chain Grates With Conve Feed 
| Stoker Des 1 
| | 
| 
| It should completely Phin fires spotted with up- Gradua 4 supp! 
burn all combustible standing coke result in | and thick g of fire 
that arises from the excess air and low COs: near point of ash dis 
grate and perform this due to the fact that the charg i prevention of 
task under the great air supply is not gradu- | coke assure a consistent 
handicay of using no ated down to a mini- | 10 to 12 per ent. COs 
more air than is re- | mum at the rear of the content with positive 
quired, stoker and to influences | assurance of an intimate 
attending the coking of | xt r with 
the fuel bed |} combust ras 

It should bring al t Combustible in the ash | Combustib n t as 

é yw coml t from 30 to 50 per cent | 
as! 

It should burn coal a Rates of burning from 25 | Rates o g uj 
high rates of burning | to 35 lb. of coal per | ti al per 8 
—not only, to obtain sq. ft. of grate surface of grate surfa ri 
high capacities but to per hour. | 

3 widen the range of 
onomical rates of | 
burning as well, tl | 
great flexibility may | 
hy ssured. | 

be a S sful in t r|s 
w“ i sut i | 4 
possil 

It s lr t N isua " I | Us 
reasonable xpens¢ cost for furnace | h imposes a mor s 
the upkeep of t work, but a very hig condition for 
grate surface or of the me for grate links brickwork, requiring 

ce brickwork higher gr f refrac- 
| ries rf 

nwork ist excessive 

act cor 

It is of interest to note that the difficulties with chain-grates 


on eastern coal have been violations of the essential requirements 
of the modern stoker, so it is not surprising that the 
prevails that success can not be obtained with eastern coals using 


opinion 
the conveyor feed. 


Arr DISTRIBUTION 


It will be generally admitted that one of the prime considera- 
tions, if not indeed the most important, in requirement No. 1 
above, is that each particle of combustible (whether solid, vapor, 
liquid or gas) as it leaves the grate shall be accomp:.nied initially 
and primarily by its own quota of oxygen-giving air, and it will 
also be admitted that these combustible particles leave faster from 
some parts of the fuel bed than from others. 


considering the most vital subject, air distribution, is therefore 


The necessity ol 


indicated. 

Samples of the furnace gases from all parts of the fuel bed 
have been analyzed from time to time as succeeding designs of 
stokers have been put into use. A survey of 
pointed out that the greatest amount of air is required at the 
forward end of the stoker and that only a limited supply is ad- 
visable just in front of the point of ash discharge. The individual 
tuyeres are only 14 in. long and are made in several interchange- 
able patterns, differing only as to the percentage of their air 
It is to be 
noted, therefore, that great latitude in the matter of air supply is 


these analyses 


space, which ranges from 2 per cent to 22 per cent. 


possible for any stage of combustion in these experiments. 

Table 1 shows the air-space distribution finally decided upon. 
This arrangement gives the most uniform condition of furnace 
gas thus far attained. 
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There is a rather gradual decrease in the amount of space 
Tron initial to the final stages of combustion between the two 
extremes indicated in the table. It is to be noted theref: more 
ACE DISTRIBUTION ADO 
FOR CONVEYOR-FEED STOKER 
ee 
I 
I 
per ta 

e! has been found that more than twice ! 
requ d for the zone of destructive distillation as for t ed ol 
\ spent fuel, and hence the advantage of graduating thi I 
supp read apparent 

Low Com “TI t N lit \s! 

{) " Vavs lt reducing combustible in 1 bh wit 
he evor-feed type of stoker is to build up | ernition 
emp ires. In the initial stages, the coal burns tr the top 
dow! ile during the latter stages the burning is reversed, the 
by the tuel bed, where the air is richest in oxygen, being 
Ios tive The stronger or hotter the ignition temperatures, 
the quicker this reversal is effected, and if an early burning from 
the bottom up 1s established the combustible content of the ash 
“ naterially decreased. The high ignition temperatures of 
the roved stoker have previously been referred to a their in- 
fluence has unquestionably aided in reducing the combustible of 
the as a Satisfactory amount. 

\\ he caking and ultimate coking of eastern that occur 
with chain grates, the air breaks through the econth mass ol 
co} the ssures or crazed places. The burning starts at these 
fissures and continues into the bed for its entire dept! This 
burning is at first quite rapid when the fissures are small, but as 
the nerease in size the burning ot the remaining coke slows 
dow aue not only to the cooling mfluence of the bare spots but 
as W to the lessening intensity of the draft occasioned by the 
co ial increase of the effective air openings. By reason of the 
orig coked condition of the fuel bed, then, the fire its final 
stage Ss characterized by bare spots and upstanding coke, To 
ivoid exceedingly low CO, rt is necessary to run these bare spots 
( ot the furnace even though the spots of coke must be carried 
ak wit them. In other words, an effort to slow d n the feed 

burn the coke would result in a stack loss greater than the 
ittending saving trom burning the combustible from the ash. 

Wit the coking of the fuel bed prevented and wil eh pal 
ticle coal preserving its identity in the last stages combus 
t the air filters through the innumerable interstices of the coal 

t ses the fuel bed to burn down evenly, givit iat solt, 
intensive and highly luminous fuel bed that makes for rh CO, in 
the gas and Iow combustible in the ash 

\s to the retarding mechanism shown in Fig. 2, the short 
pivoted bars C in their lowest position allow the adjacent cor 
ve ¢ elements to convey the ash from the furnace. t in their 
raised position they not only form an obstruction to the move 
ment of the ash but raise the ash above the influence of the con 
vevor ¢ s. The position of these bars with respect to the 
chains can be altered at the will of the operator to bring about 
any desired retarding influence. 


the 


e teeding at the upper end of the stoker is not affected by 


retarding bars, and consequently while the ash is being posi- 


tively held back of the point of discharge, additional ash-laden 


fuel 
char 
a th 


is just as positively being conveyed toward the point of dis- 


‘ge by the positive feed from above. These actions result in 


ickening of the fuel bed and in the squeezing out of any bare 
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spots that may have formed. Thus it is seen that not only is th 
combustible given a longer period of time in which to be com 
pletely burned, but the fuel bed is thickened so that th r ente 
ing through it may be effectively used 
It appears to the author that a particular virtue 0 ec! 
dratt hes in the burning of the combustible from the h, fo 
at the start of this process we are dealing with an extrem: poo! 
fuel of which the ash content may be considered to be a rea 
as 60 per cent. It is with this i: ind that the st ! juesti 
as bee! 4 arranged that thie l pressure Lire OX 
made effective throughout the last stages of combu 
expertments have been so conelusive on this pe 
rurther per 5 1 s decided to graduate é ( ] 
under e grat e greatest pressure w Y rovides 
conte hiohe Of course. be — e] 
i me ! COMDUSTIDIE the tue ed |e@SS a rec 
that, as explained above t ir spaces ! ’ 7 
‘ ie] bed are materially = LLieT I ew I 
our matters, the ire oO porta yu r the cor 
7 
= ~ 
er —— 
' 
; 
i ——— 
m prereers EUIEETETE ae eee — 
T TELL reese 


P aun Fae | 
Fee 
gpl titi 9 
k Er B ie 


y U 4 











- - a 4 
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bane 4 
Ss 
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A ‘ 
ric. & SECTIONAL ELEVATION OF BOILER AND S 
rl h er has 2500 sq. ft. of heatir irface and e at r 40 1. ft. of 
gkrate surface giving tlo of 6. 


rhese are: (1) The influence of hi; 


y 
) 


combustible content of the ash: (2 


ignition temperatures on the 
A fuel bed that may be suid 
to be free-burning as compared to one characterized by a coking 
tendency; (3) The holding back of the ash and attending thicken- 
ing of the fuel bed in the final stages of combustion; (4) Greater 


} 


mtensity of draft through the bed of nearly spent fuel 


High Rates or BURNING 


Knough has already been said regarding the new stoker and its 
pertormance to make it evident that rates of burning with this 
type will be materially increased over those obtainable on chain 
grates using eastern coals with natural draft. 

For instance, it is readily apparent that when the plastic, eaking 
condition of the fuel bed is replaced by one that is free-burning 
and intensely active, the change will be very favorable to higher 
rates of burning. It is quite evident, too, that the application 
of foreed draft will be an aid in this direction. It may be men- 
tioned here that the chief means employed to obtain hig CO, 
under forced draft have been (a) the air-distribution arrange- 
ment previously mentioned; (b) the retarding influence of the 
bars C together with the somewhat thicker depth of the reneral 
fuel bed over chain-grate practice; (c) the increased chemical 
activity of the fuel bed due to the higher fuel-bed temperatures; 
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and (d) the impinging of the air on the tuel bed through the 


employment of miniature air spaces. 


AUTOMATIC OPERATION 


Having satisfied the first three requirements, this stoker must 
justify the use of the word * automatic “; that is, it must operate 
with the minimum of effort from the attendant. In this connec 
tion it is simply necessary to recall the basic principle of the 
conveyor-feed stoker—a positive feed from coal hopper to ashpuit 

The only thing that interferes in the least with this entirely 
automatic and continuous operation is the clinker formation of 


the side walls. While this formation is no more serous that 











Oe } DETAILS OF THE CONVEYING ELEMENTS MARKED om 
Fic. 2 


with the chain grates, experiments are nevertheless under way 1 


the experimental plant to minimize this evil. 

As regards eastern coals, however, it may be of interest to not 
that they require less slicing of the side walls than do Illinois 
eoals. probably because ol the lower ash eontent and the hirher 


fusing temperatures of the ash. Further, the eastern coals hav 


a higher heat value and a greater firing stability than do Illinois 
coals, and conse iently require less attention, And because ol! 
these advantages the firemen of the experimental plant mueh pre 
fer on this new e¢ pment easter els te ~ (entra 
West 
Low MAINTENANC! 

All of the factors relating to the actual burning of the coal 
have now been discussed and there remains only t consideration 
of the m: tter of low maintenanee 


Excessive maintenanee of ¢hain grate links when using easter? 
eouls ma ! mart be aseribed to the uneven burning ot 


bed at the rear of the erate and te the low ash of these fuels 


These two conditions combine to lav bare and expose the grates 


to the heat ot the lurnace, 


Further, in an effort to build up a high CO, eontent in the 
escaping gases and thus exclude the thief, too much air, the boile1 


dampers are apt to be partially closed. This procedure may be 
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{fective in inereasing the CO. and im raising the turnace ten 
peratures, but it makes for a sluggish movement of the air over 
the faces of the links, thus reducing the coolmg intluence lt 
further causes the heat to penetrate down into the grate } 
instead of being carried briskly out of the furnac An action of 
[tis kind, especially where stokers too large tor the load are pro 
vided, produces in any stoker a condition under which ‘ 
an permanently endure. 

With a stoker ot the tvye deserted the wkenl )) Hye 
fuel bed, especially ear the bridwe-wall end, together wit! {he 
igh rates ot burning, permits one with a relatively small en 
heimg employed This same thicker tuel bed, too, may probab 
© considered the most important lactor Ino proteetit t 
rom the heat of the turnace 

The use of mechanical dratt and smal ill privee will the 
ending tigh \ Vol r ove tI sides of the grates exe) 
rreat) cooling niluence on. the rk evel it moderate 
Moreover, the lit ave been especially designed for s 
They are short, ined tuen aeepet | im «nai rat links 
re free from anv appreciable corrugations or tl ! ! ‘ 
op tae Coolneg ns extend deep down the sides « 

SDS AO AP RP LOT RPT TT 
inally adopted, no one was operated te ppreciib 
mit the links o Thre atest cdlesigns run so coo ricte baotl ree 
and natural dra i their low tnapite ili ‘ \ 
dicted Che mainte ined ) the tuveres ¢a " er 
by their extensive and prolonged use Bu ) ero. 
these or of the retarding bars has thus tar be vt 

ought that the same nm fluences that ive hie rt \ 

r less operative W th the tuveres, though due \ ‘ 
made for the one important difference t ‘ 
continuously i \ e the nI } 

termittently 

Revarding t : enance of the brickwor 
ot burning and tl l er Turouace emper ures « ‘ ‘ 

on severe ¢O ! he maintenanee ave ‘ 
adratt howe ‘ ~ ) ‘ = 7 } i first ‘ ‘ Nie 
tor only a moderat llr pressure f i f reo 

sed, and Vill rhe ~ iil open 

ptedily aeross the ¢ re wid | ‘ 

ence ot the flame is lost quite ne he surtace o } 

The problem of more severe furnace cor 
wen met by employing refractories of a higher «1 | 

ls and bridge 4 have been made with stan |? 
nd the writer is advised that the lneher retrace ‘ 1 

sed is in part due to its higher pereentag 1 
ow content of fluxes. 

Regarding the ignition arch, both the process and ( ‘ 
are new in stoker work. The material is ret? 0 
porous and its performance under the harder usage bid 

val the ordi ary arch maintenance rm chain erat 

lhe essential points of this paper have been suffieiently ‘ 

» require no summary, but it may be said in closing t P 
onnected with the xperimental plant have derived consider p 
satistaetion in attainme the degree of sueeess noted th } 
emplovment of sueh simple means 

In a leeture on Some Obsevre Points t Pheory hye 
Internal-Combustion | ome, Given rece Vv a ’ ‘ 
Junior Institution of Engineers, Prot. F. W. Burs 9 
is regards the combustion of gases in a ‘ onvela ' 
vould appear that most of the phenomena eonne 4 tor 
burning ¢an be explained | e variatio | spe 
wit! temperature is taken into consideration, ther ‘ 

ains doubt as to whether or not combustion is ¢or ‘ } 
point of maximum temperature. He feels that arlv all the 
experimental work which has heen done on nternal 
combustion engine has a most serious drawback trom the point 
of view of the student of thermodynamics, namely, the number 


of variable quantities involved is so great that it 


impossible to deduee anv exact 


ments. 
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Locomotive I*eedwater Heating 
Deseription of a New Type of Heater and a Discussion of the Advantages of Locomotive 
Fecdwater Heating 


By THOMAS IcCBRIDESY PHILADELPHIA, PA 


This paper describes a svstem of locomotive feedwater eating with the wate ( rom the rile | CY ( ! 
thich makes use of the so-calle d open tvpe of heater in which the nke trom the tender ane es exhans “tl s requires t¢ the 
‘ i 
thaust steam comes into direct contact with the cold feedwater eatu 


The author describes the construction and operation of the heater 


and discusses the coal saving, water saving, and possthilities of in 


creased capacity due to locomotive feedwater heatin © are , . 
dealt with first from a theoretical standpoint, and secon n the Wir] 
practical standpoint, based upon the reports of actual t lables ae ‘ me a i 
and curves based on tests are presented and analyzed, and © paper renin 
‘ cotee \ ] ut ‘ 
is concluded with a discussion of the question as to wl er the his . Ml ; 
exhaust steam taken by the feedwater heater would cause trouble with jn 
the draft. From actual operating conditions the author states that ; 
eat eb vine ‘ 
there was a surplus of exhaust steam left available for 1 lraft. - . : , , ; 
en ly we ler ) e « e loco ) " ‘ 
‘ \ ill ? CO ? } } 
iil ‘ miwater heaters on locomotive ‘ pacity of 60,000 Ib. o eu er | rou 
the beginning ot the locomotive itselt l} rm Mikado lo ‘ d | ( ew the ( 
popolae t in open oT » 1) p. In tl rations the he ! 
‘ OCOMOLIVE Mneland in S27, and | ed pump rig} 
of ISIS eribes a tub r heater for the sa ‘ 
Wina t Baltimore applied tubular heaters 








rte e desirabil ‘ tive cedwater heat oO 
\ reco d at he early dates, ; 0 . 
} hat ‘l ir’ JOSS ble i 
ite reater than a | pres« ‘ 
ton pre ' P in use 
There is mueh « eres ! hs ‘ 
wate eati 1 paper, Fy vater Hea 
‘ My ] Snowe 3 wl \ 1) ‘ 
meeting of the American Railway M 
nM Ju 1018 I vy « Ce) atple 
, -“ 1? irees of he or } . | 
een proposed or tri ire n view o ! 
Ss beer riven to tlhe lh ree sind I } 
locomotive feedwater | ting is } neo 
Possibly the reason les partly in the ‘ 
paratively recent veat it the essentials of | ‘ 
i! pump operation have beer derstoo 
Phere ine YO POSSIDIE SoOnures iW i ) 
otherwise waste heat may be obtains to | 
These are i the wast is¢ n th ) OX 
eCXHAUS l 
The exhaus eam ( er may be ¢ her o 
‘ Lyre n Ww ch the exhaust stear Co I> . : 
the « i leeadwa I ‘ it the w ler eo | ” . 
\ l steam ms ad ( lo ne mixed wit! 0 
of the elosed or surtace pe in whi the tye ‘ the heater 1 sunpie cas rm ' pp 
thi heets of metal erally in the torm « 1) nrou holes eu the back of th 4 
P ] ] +} ] . ‘ ] } whiel | s I I i stoDp ¢ eck ( i sf 
I \ i 0 ea Clopmel Work to da 
ll cessful has considered only the surface es ing a smal n it so tha ! ‘ 
reat many heaters of this type in service in ( — 
ire obj ons to it for locomotive uss It isa ‘ The pump is o veruica sactatels : 
ente rueture | wactee { water conde: nie heater by he various ” conne s Phe ! 
aust steam with its heat or raises eomplicatior i I pump 1s at the top, an r 4 two water evlin 
and requires enough exhaust steam to heat a feed tee chats oth operated Trot : 
water. On the othe r hand, t e open or injection ft eater _— Phe Wwarer eylind : the middle ol the : » nie 
necessarily recovers both the water condensed fro exhanst water Irom the tender and delivers it through : » ‘ 
steam and its heat so that both are returned direct boiler of the heater to a spray vaive in the extreme top of the heat 
where it is spraved into the exhaust steam that Ils the op ¢ 
og iser, Worthington Pump and Machinery Cor Mem the heater. This condenses as n uch of the exhau ste : ‘ 
\bstract of a paper to be presented at the Spring Me t Louis water needs to heat it, and th mixture, dropping to 
Mo., May 24 to 27, 1920 of THE AMERICAN Society \l ANTOCAT ot the heater, is taken bv 1 other p ump evlinder and di ers 
ENGINEERS \dvance copies of the complet paper may i tis 
upon application All papers are subject to revisior to the boiler through the usual check valve. 
283 





































































































































































































The pump is driven by saturated steam taken from tli 


locomotive boiler through a 1-in, steam pipe and controlled by 
a throttle valve in the cab within convenient reach of the en 


rineer. The exhaust steam from the pump is led into the back 
of the stop check valve where it mixes with the exhaust steam 
from the locomotive and passes with it through the oil separaton 
to the heater. 

The adoption of the open heater for the locomotive may seem 
a radical step, but from this description it will be evident that no 
new elements are used. The heater itself is of a general type 
that has been in use in marine service for at least twenty years. 


he open heater with the oil separator to remove the oil from the 


exhaust steam before it enters the heater because of its merits has 
been almost universally adopted for stationary plants. One of 
these heater and pump units was thoroughly tested out on th 
locomotive test plant of the Pennsylvania Railroad at Altoona, 
Pa., in 1917 and has been in operation on road service since 


October, 1918. Three more units have been in operation for 
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Fic. 2 SecTION OF THE HEATER 


approximately a year on pooled locomotives and have given no 
trouble other than the usual pump maintenance. Nothing has 
developed indieating that the open heater as a type is not well 


adapted to the locomotive and the coal and water savings have 
been so marked as to be evident to the crew. 


ADVANTAGES OF LOCOMOTIVE FEEDWATER HEATING 


[It is not possible to make an exact general statement of the 
advantages to be obtained from locomotive feedwater heating 
because so much depends on the particular locomotive to which 
the heater is to be attached, the capacity at which it is worked, 
the temperature of the water in the tender, and the basis on 
which the advantages obtained are stated. 

We are liable to base our notions as to the advantages of feed- 
water heating on the results obtained in stationary practice 
where the coal saving is very properly considered as equivalent 
to the reduction in the amount of heat necessary to evaporate the 
water because of the higher temperature at which the water is 
delivered to the boiler due to the heater. In the case of the loco- 
motive, however, with its very complicated relations of the dif- 
ferent operations that are going on and the very wide range of 
capacity through which the boiler is operated, there is generally a 
much greater coal saving than in stationary practice. Three 
factors enter into the final result. These are as follows: 

1. The reduction in the amount of heat required to evaporate 
the water in the boiler, which might be called the heat 
saving due to the feedwater heater. 
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2. The reduction in the amount of heat required results in 
a greater reduction in the amount of coal required be- 
cause of the better efficiency of the boiler at the lower 
rate of combustion. These two factors give the coal 
saving based on water evaporated, 

3. The exhaust steam taken by the heater from the exhaust 

ports of the locomotive reduees slightly the back pressure 


in the locomotive and should show some advantage. All 
three faetors combined will give the coal saving based 
on indicated he rsepower. 


An analysis of these three factors will show the coal and water 
saving referred to the steam that is used in the locomotive cylin 
ders, and therefore, the minimum saving since it does not include 
the saving in generating the steam used by the auxiliaries. It 
is necessary to make this analysis partly theoretical, assuming 
certain constant operating conditions in order that a fair com 
parison may be made of the effect of the heater on different loco 
motives and at different locomotive capacities 


o the coal burned while running sinee the heater can have no 


It can only apply 
influence while standing or at terminals. The percentage of coal 
saving due to the heater, and to a lesser extent the percentage ol 
water saving when based on ton miles, the month, or the vear will 
be less than the percentage while running by an amount deter 


mined yy the use made of the locomotives. 


Hear Savinc Dus To FeepwaTter HEATER 


The first factor, the heat saving, is determined by the amount 
the feedwater is heated by exhaust steam taken from the loco 
motive. This factor will evidently be greatest when the tender 
water temperature is low and when the exhaust steam pressure in 
the heater is highest, as this pressure determines the temperature 
to which the feedwater can be heated. This pressure will be 
highest when the locomotive is working hard, and when the ex 
haust steam for the heater is taken from that part of the steam 
valve chests or cylinder saddles where its pressure is greatest 

Test-plant results and actual daily operation on the road with 
superheated steam locomotives show that the feedwater heater 
described can be depended on to effect. a reduction of at least 


10 per cent in the summer time and 12 per cent in the winter time 


in the amount of heat required to evaporate the water and super 
heat the steam. This heat saving will not be constant at these 


figures but will vary with the capacity at which the locomotive is 





rABLI HEAT SAVING DUE TO FEEDWATER HEATER 
\ssum steal l ] ! 
per sq. ir (x oo Oo 
Assumed superheat, de fair None N 
Assumed temperature water in tender leg 


tanr ° WW) 70 78) 
Heat content per | nd of st B. t a 1 4 6 1 
Heat content per pound of water, B 

at 40 degrees S ( s 0 

at 70 degrees 5.0 . 
Heat required to generate one pound of steam 

B. t. u ; 6 276 ¢ iff 
Heat saving in B.t wher te heated fron 


10 to 215 degrees 5,0 
70 to 215 degre 15.0 { 
Heat saving, per cer 1.7 
otal heat required | motive wit 
pump, as compare nje r oper 
per cent. 0 )] 
Heat saving in locor t ew hh he 
pared to injector opera n, per cent 0 7 O4 
Heat required, per cent R7 TF) 87 9 89 9 
Heat saving as compared t ector operation 


per cent 0 


worked because the steam pressure in the heater determines the 
temperature to which the feedwater can be heated. These figures 
can, however, be conservatively accepted as representing average 
working conditions at whieh the greater part of the coal is 
burned. 
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The tabulation given in Table 1 is based on heating tl ced water savil is from 13.3 to 16.4 per I he 
water to 215 deg his Is quile eonservallive as it las Der yund assumed summer and wintel one oO! T 
easily possible to obtain this temperature with tl re evel operation 
with tender-water temperatures of 40 deg. and on comotives 
worked at less than two-thirds of their maximum stear r ca ( Q Bas W | 
pacity Che tabulation shows that greater heat savin poss! . 
ble wit saturated than with superheated steam lo es lo combine these resuits with the se LcLO! to 
therefore the pereentage of coal saving will be greater witl obtain the coal saving based on water evaporat I 
saturated- than with superlieated-steam locomotives to consider particular locomotives since the sec es 
Krom the tabulation it will also be noted that in the case of the change in the efficiency of the bower wit ur ; ca 
the feedwater heater for the locomotive, because of its compari- pacity. For this purpose the curves o big. 3 have re 
son to injector operation, it is not possible to apply the usual pared, ‘J he curves on the left marked A are on the 
short rule customary in stationary practice stating that a certain 10 per cent heat saving; those on the mght marke D Une 
number of degrees of heating of the feedwater results in pel basis of 12 per cent heat saving. The upper solid curves irked 
cent heat saving, but rather that it is more exact to state, assum “Tnjector” are test plant results of a Consolidation, Atiantie, 
ing the conditions of the table, that in the saturated steam loco and Mikado type locomotive respectively and show the total 
motive, after the first 23.8 or 23.2 deg. heating, each 11.9 or amount of water « vap rated per hour against dry coa I The 
11.6 deg. of heating represents ] per cent heat saving, and that dotted curves marked “ Heater” for each of these three locomo- 
in the superheated steam locomotive after the first 22.3 or 21.8 tives show the amount of water that would have beer i} rated 
deg. of heating each 12.8 or 12.5 deg. of heating represents 1 per by the same amount of coal with a feedwater heater ré ng by 
cent heat saving, the first figures in each case applying with 40 10 per cent and 12 per cent respective he amou of heat re- 
deg. and the second figures with 70 deg. water temperatu quired to evaporate the water and superheat the stean The ver- 
Muropean practice, as far as the author is informed, i: ves tical distances between the solid and dotted curves represent the 
the use of tubular heaters differing only in details of t r con amount of coal saved and these quantities are showr t owe! 
struction and discharging to the track the water condensed from set of curves This lower set of curves, therefore, shows the coal 
the exhaust steam in the heater, thus losing both this water and iwing based on water evaporated due to the feedwater heater tl 
its heat, necessarily with some additional steam that must be lows a reduction of 10 per cent and 12 per cent respective 
blown through the heater to prevent it becoming air-bound the amount ot eat necessal oO ¢ porate he W I I ve! t 
These locomotives requir per cent more water than when op- the steam. 
It would be difticult to credit this result t 
, wart eo eoretically by the second factor med 
above, and had it not been confirmed in test p results 
: with a wide margin to spare A study of the upper 
ae Bane curves mm connection with the lower curves of both figures 
+] - will show that the very great coal saving possible 1s 
« eon = :: accompanied by an increase in steaming capacity du 
g to the feedwater heater and that it shou be yssible 
& ax 400 > to work the locomotive with the heater at gvreatel eal 
™ ing capacities than are possible with the injector, but 
> 2000 how much greater would depend largely on the particular 
= z ~ locomotive. 
Ze sec Referring to the lower set of curves of Fig. 3 and 
+ »oE26 assuming that the consolidation locomo ’ 
5+ & FA S 
cet s$&t operated normally at a steaming rate of say 25,000 lb. 
‘See le one per hr., it is noted that the 10 and 12 per cent heat sav 
> + 0 bw 
¥ 5 Ss ings assumed as summer and winter conditions would 
Rs 5 3G Hn : 
3 = & 10000 20000 30000 40000 50000 GO000 10000 20000 S0000 adooD S000 ea 0 85¢ result in 14 and 16.6 per cent coal sav Ings, respe 
Water Evaporated Lb per # Woler Ewuporcted Ub cer ¥ Assuming that the Atlantic type of locomotive would 


SHOWING THEORETI 


WATER 


RVES Al COA ~ 


EVAPORATION 
erated with the injector because of the steam used by 

pump and discharge to the track from 15 to 18 per cent of 
with from 2.6 to 1.8 per cent ol the heat of the saturated d 2.4 


10tive 
here 


to 1.6 per cent of the heat of the superheated steam 
in the water alone for 40 and 70 deg. water respectively 
Lew this 
to the 
tender through filters to remove the oil, but in doing so approxi- 
lost by radiation the 


This loss of heat from the locomotive with the surface 


are a surface heaters in operation on locomotives 


country in which this water is saved by pumping it back 
mately 80 per cent of its heat is from 
tender. 


heater does not count directly against the coal saving since it is 


the exhaust steam, but it does count indirectly 

it decreases the amount of exhaust steam left available for the 
draft. The open heater is more economical in the use of exhaust 
steam and leaves more available for the draft with the possibility 
of lower back pressure and saving because of this. 

The locomotive with the open heater or the surface heater sav- 
ing the water condensed from the exhaust steam requires the 
extra 2 per cent steam to operate the feed pump, but from 15 to 
18 per cent of this 102 per cent is recovered, so that the net 


supplied by since 


lb. per hr., the 


tively. 


On the 
should be taken of the 
or inereased 
burned with it 


bee n 


10 per cent heat saving would result in 


operated with the injector. In this ease, the sun 


] + ; 


also normally be operated at a steaming rate 25,000 


lb. per hr., the coal saving would be 12.8 and 14.5 per 
cent respectively. Assuming that the Mikado locomoti 

is hand-fired and operated at a steaming rate 37 DUO 
coal saving would be 12 and 14.2 per « spec 

other hand, it is altogether Poss Die that Var.tage 


spec ad 


feedwater heater either in increased 
al d the coal 
tive had 


mer-time 


hauling capacity, same amount 0! 


the lo om 


as would have been burned if 


100 
——— per cent steam- 


a - - 
100 lO 


ing capacity, or 11.1 per cent increase; and the 12 per cent heat 
100 
saving would result in a per cent steaming capacity, or 
100 12 : 


an inerease of 13.6 per cent. 


But as compared to injector opera 


tion of the first two factors as shown in Fig. 3, leading up to the 


Consolidation locomotiv« 
Atlantic locomotive 13.3 and 15.5 per cent, and in 


in th 
Mikado 


would be 15.5 and 19 per cent, 


the 


locomotive 13 and 15.3 per e¢ nt respectively. 


The 


feedwater heater does 
in the Mikado locomotive as in tl 


advantage 


not appear to as great 


e other type locomotives because 
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it is not as fully loaded. It the Mikado locomotive was operated 
at a steaming rate of say 50,000 Ib. per hr., the assumed 10 and 
12 per cent heat saving would have resulted in a 15 and 17.3 per 
cent coal saving respectively, and if advantage had been taken 
of the feedwater leater for the inereased capaeity burning the 
sume amount ot coal as with the injector, the eoal savine would 


e been TS and 212 per cent respectively 


COAL SAVING Basep ON INvicatep HORSEPOWER 


\ny modification which the third factor makes in the combina 
m of the first two factors as shown in Fig. 3, leading up to the 
coal saving per indicated horsepower, must be but slight a 
epend on the particular locomotive. Saturated steam locomo 


ves should show a further gain of a few per cent from reduced 





ack pressure fest plant records show some reduction in this 
mck pressure superheated steam locomotives accompanied by 
i redu tin superheat and indieate that, at least until furthe 
sts are 1 aie, t] Is Tactor should not be considered lor supe! 
on stean OcCOTHOTIVeS 
) g e cul s ot | a to are t pola results of a 
\l vere otive ompari its Operation W e injector and 
a 
ji ‘ 
: 
© 4 
z 
i 7 
5 + . 4 . 
rt 
it oe Jf “ 
= ee 
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- ae a a x 
or rs 4 j 4 
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| } ( VES s IN (OAl SAVING BASED OD ‘ 
LLORSEPOWER 
eedwater hea l stl yee l Ss pape! I} \ } 

i ! eurve ot the sar eeneral characte) nu L 
inner than the eurve lor tlre Mikado locomotl e ol hig ~13 
which is based on water evaporated, although the tests were ma 
inder practically identical operating eonditions as to tempera 
ures and pressures 

Tl coal-saving curve of Fig. 4 has been re pro iced in Fig. 5. 
and a curve added SHOWN the reauetion in the amount o nea 


; 


required to evaporate the water and superheat the steam becaus 
tf the heater. The cross-hatched area below this curve shows thi 
suving in heat due to the heater. The cross-hatched area above 
his curve shows the additional saving, presumably all due to thi 
better efficiency of the boiler with the reduced amount of heat 


required from the fire beeause of the heat recovered by the heater 


HAUST STEAM AVA ABLE FoR THE Drai 


Question has been raised as to whether the exhaust stean 
taken trom the locomotive by the feedwater heater would cause 
trouble with the draft. This question could be analyzed from th 
partly theoretical curves of Fig. 3, but as aetual operating condi 
tions are of more interest, curves have been added to Fig. 5, show- 
ing the total exhaust steam taken by the heater and the exhaust 
steam taken from the exhaust ports of the locomotive. The 
distance between these two curves 1epresents the exhaust steam 
furnished by the feed pump to the heater. It is noted that thi 
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curve of exhaust steam taken from the exhaust port is below the 
curve ot eoal saving The teedwater heater, theretore, reduced 
tl 


i@ amount of coal burned at a greater rate than it reduced the 
umount of exhaust steam, so that there was a surplus ot exhaust 


steum lett available for the dratt, no necessity tor redueme 


rABLE 2 COAL SAVING AND INCREASE IN EFFI 
CIENCY WITH FEEDWATER HEATER 
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ic. ANALYSIS OF COAL SAVING BASED ON INDICATED Tors! 
POWER WITH EXHAUST STEAM LET AVAILABLE FoR DRAF’ 


save coal and water all the time, and permit of increased capacity 


when needed, 


The feedwater heater might be considered as alternate to large 
size of locomotive boiler and grate as a means to coal economy, 


(Continued on page 16) 
































efficiency of Natural Gas Used in Domestic Service 


Results of Tests on Commercial Burners | 
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1S 
densing. The usual procedure was to run (1) a series of two tests attained. Data upon which this conclusion is based were obtained 


with the granite kettle; (2) a series of three tests with the gas on gas whose ealorifie value was about one-half that of the gas 


the amount of heat given up by the product of combustion in con- provided the gas is properly aerated and proper flame contact 














calorimeter; and (3) another test with the granite vessel. used in the present tests. The present experiments, however, are 
Four types of burners, shown in Fig, 2, were used for these in agreement with this conclusion. 
tests. All burners were selected because of their common use in Some tew measurements were made with the burner at a dis- 
widely distributed types of stoves and no appliances nor means tance of 1% in. from the vessel. Operating difficulty at this dis 
of adjustment not ordinarily supplied as part of the equipment tance was experienced, as the flame produced was unsteady and 
were used. Burners of types A and B were of the simplest pat- likely to flash out, being smothered by its burned gases, and un 
tern. The gas issued from them as small independent bunsen pleasant fumes resulting. The thermal condition seemed to be 
flames of equal height. These simple burners where the envelop good notwithstanding the bad hygienie condition. An over- 
of the flame surface is flat, gave efficiencies a little higher than supply of gas with the burner at 34 in. gave rise to the same 
the other types. As has been stated, the essential feature for condition and considerable care in adjustment was required, es 
maximum efficiency is that the tips of the flames impinge on the _ pecially when the vessel was cold. 
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bottom of the vessel and this is best accomplished when the sep 
arate jets of burning gas are of the same height. . 

Twelve simple mixers which could be used on any of the Tests were run, using the same common-size mixer throughout, 
burners were available. The largest of these corresponded with to learn how low gas pressure affected efficiencies. When the 
an opening made by a No. 28 B & S gage drill; the smallest, toa pressure head falls below 0.3 in. of water, household operations 
No. 60 drill. The latter is impractical for low pressures and the are carried on with difficulty. At the start of the test, the pres 
larger size may be used in a very wasteful manner at high pres- sure of the gas was reduced to 0.3 in, the burner set $4 in. from 


Errect or Low Gas PRESSURI 


sures. In some cases a special mixing device was tried. This the bottom of the vessel and the mixer valve adjusted for maxi- 
consisted of a mixer opening, back of which was a secondary mum efficiency. The burner was then lowered in steps of 12 in., 
mixer having six holes. Its only advantage is the possibility of | readings being taken at each step without additional adjustments 
securing a greater flow of gas under low-pressure conditions than When the distance was increased to 244 in. the water could not be 
could be obtained with the simple mixer, This advantage means 

















flexibility of adjustment rather than efficiency. ‘ 

In these tests no refined appliances were used to secure ad- 40] a i " 
justments, but effort was made to utilize to the best advantage a Ce | ! ee: hag 
the air and gas adjustments provided as part of the regular al 
equipment. By 7 a | a 

U 26 is 
EFFECT ON EFFICIENCY AT VARYING DISTANCES, PRESSURES AND F “i 
GAS CONSUMPTIONS - 

The results secured under a variety of conditions indicate that +9 
under low pressures an efficiency greater than 45 per cent can S ig 
be secured. Equal efficiencies may be obtained up to a distance é = ers ee | | | 
of 2 in. from burner to vessel if higher pressures are used and the } 
rate of consumption is increased. This has a practical advantage 0% 7 = rn ; . 
because the operation can be performed more quickly with the Pressure in Inches of Water 
same efficiency. Efficiency of this order, however, could not be Fic. 4 EFFEcT OF PRESSURE VARIATION WITH MIXER VALVE WIDE 
secured when the distance between burner and vessel exceeded OPEN, BURNER DISTANCE CONSTAN' 
2 in, 


A bulletin published in May, 1918, by Mr. 8S. S. Wyer and Miss 


raised to the boiling point. Beyond a certain stage, radiation 
Edna White, called particular attention to the fact that a maxi- 


equaled — and no further rise in temperature could be ob- 
mum efficiency could be obtained with short gas flames under low- tained. At 2 1, in. the maximum temperature was 207 deg. fahr. 


pressure conditions. Results obtained by the writer under similar [f we regard the heat used to raise the temperature of the water 
conditions confirm this point. In a report of the Research Com- to 207 deg. fahr. as usefully employed, the efficiency was 19.8 per 
mittee of the Institute of Gas Engineers of England, published cent. At a distance of 2% in. the maximum temperature attained 
in the Gas Journal, October 29, 1918, it is stated that efficiency was 197.5 5 deg. fahr. When we distort our definition of efficiency 
is independent of gas consumption within a considerable range, (Continued on page 316) 
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Folkestone, for examination by the air-port authorities and 
thence to Soesterbere aerodrome at Amsterdam, where it ar- 
rived safely on the following day. The Dutch customs authorities 
arranged to examine the eargo immediately on its arrival, so 
that the packages eould be despatched to their tinal destinations 
with litthe or no delay. The machine was expected to return 
with a valuable cargo of dyes of a class urgently required in 
Yorkshire and Laneashire. It is hardly necessary to point out 
that the commercial value of the service would be greatly aug 
mented it the visit to Lympne for customs examinations could 
be avoided. Lympne is, at present, the only recognized point ot 
departure for Continental aerial traftie, and this faet is obviously 

severe handicap on aireraft traveling from the northern coun 
ties to Holland and the Baltic. Evidently the tratlic would be 
vreatly facilitated by Government recognition of an air station 
on the North Sea coast, since a direct flight across the North 
Sea could be made in halt the flying time, and in much less than 
alf the total time, owing to the faet that the long southward 
diversion renders a night’s stay at Lympne unavoidable. I 
neering, VoL 109, no, 2828, March 12, 1920, p. 344, 9 


CORROSION (See Engineering Materials) 


ECONOMICS 


\MERICAN Competition Wrrn British Trapes. This subject 


torial entitied 


is diseussed in The Engineer (London) im an ed 
The Question of American Competition, 

The writer calls attention to the sales efforts of American con 
eerns 1n Kurope - such as the tact that a leading American loco 
motive firm 1s alleged to have sent a re presentative to The Hague 
where he offered to quote prices not only on locomotives and 
other railroad equipment but also on all kinds of machine ry, in 
cluding machinery for treating sugar, rubber, cottee and cocoanuts 
In tropieal countries. 

On the other hand, it is stated that in the calendar vear of 1919 
\merican exports decreased while imports increased, the reduction 


being due to the fall in the quantity of semi-finished steel sent 


out of the eountry for the account of the Alhed nations. The 
imports inereased through purchases of scrap and pig iron. (Thi 
atisties refer, of course, exclusively to the metal and machinet 
rades 
It the American statistics are contrasted wit those tor Great 
Britain, it is found that the British exports showed a recover 
uv the first vear atter the end ot active ostilities. The exports 


rose trom 1,618,000 tons in 1918 to 2,254,000 tons in 1919, being 


in advanee of 636,000 tons, giving a net balance of 360.000 to 


to the advantage of Great Britain. The figures in the case o 
achinery are also hopeful tor Britain, although a strict com 
parison between the latter and the United States cannot be made 
lhe British exports advanced in tonnage by 65 per cent as con 
pared with the preceding year. 
As regards the future, it is stated that American steel ane 
machinery makers have secured a great hold on internationa 


markets under the abnormal circumstances of a world-wide war. 


and thereby have become enormously enriched Furthermore, 
ugh peace prevails, the conditions throughout the world hav 
ot become normal and probably will not do so hefore several 


vears have elapsed. There is a great international demand fo: 
iron, steel and different classes of machinery in various countries 
and it is believed that Great Britain will obtain its fair share of 
this world trade as in former years, In fact, figures appear to 
show that it has already been able to make a fresh and favorabl 


start in the resumption of its former position in the markets o 


the world. Though the present high prices tend to facilitate 
American competition in external markets, except where the rate 
of exchange exercises an unfavorable influence upon prospective 
customers, nevertheless the amount of work available in the 
world is so enormous that international competition for the par 
pose ol securing it should be inconsiderable for a long time to 
come, ( The Engineer, vol, 129, no. 3549, Mar. D, 1920, pp. 249 
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ENGINEERING MATERIALS 
Classification of Types of Corrosion of Bras- 


THE CorROSION OF CONDENSER Tubes. Abstract of the Iiit 
Report of the Corrosion Committee ot the Institute of Meta 
confined to the corrosion of condenser tubes, mainly 70:30) bras 


The first section deals with what as been called the diagnosis 


of ceondenser-tube corrosion and deseribes. the procedure tor toe 
followed in withdrawing and preparing a tube for examuinati 

and also symptoms indicating corrosion. Conditions eNxisti 
within the plant, in particular, water supply, are stated to br 


ot great importance. 


The second seclLion 1s ce voted to a col sick ration o eertla 


ures in the structure of condenser tubes and attention is directes 


; 


to the presence on the tubes of a surface layer consisting 


structureless, lughly distorted metal. This layer has a greates 
resistance to eorrosion than the underlying erystalline metal no 
that whenever this laver is penetrated corrosion will proceed 
an increased rate The thickness of this lave s usually of 
order ot O.OL mn (O.000R80 a and indieations ave heen ob 
tained that ts composite mav be different _— 


inderlving metal 


In the third section the five man [Vpes ol Drass- 
orrosion are considered in deta. These tvpes are 

Ty pe I. G ; ra l ‘i? ; ° Chas may be co sidered as il ieve't 
erated form of thi complete Corrosion W ‘ normally oe 
n saline solutions. the tube being gradually and uniforn 
dueed in thickness. Rapid general thinning, however, is esser 
tially a fresh-water phenomenon and is usually associated wit 
tlie presence ot ree a id in the water s ipply. Tests have s \ 
that even with dilute solutions ot hvdrochlone acid such a } 
parts i LOO,QOO, in six weeks tubes had lost from 3 to 4 pe 
cent in thickness. Proper neutralization of the acid is anette 
tive remedy tor this trouble. It is ditheult. however, to detect 
he acid, especially if it appears in the water supply ! 


mittently. 
lupe Il, De) [ Lftack. This results n pitt ne and is ba 


on the following chemical reaction. In the presence of sediu 
chloride solution the cuprous oxide tormed on a brass surt: 
rradually changes to cuprous chloride. This latter is usu 
swept out of a condenser tubs by the e¢l iling water, 
under various conditions mav adhere at llere parts rT the 
ibe surface When su adherence has oceurred, condit 
allow of the turther gradual change of the insoluble « 
chloride under the intluence of oxvgen to soluble cuprous 
ind euprous oxide. The action of eupri oride sol 
brass 18 verv rapid at ( example L plece ) ? ) 
long, placed in a strong cuprie chloride solution et ¢ ! 
erature, was completely disintegrate! and = parti: re 
Vv a pseudome copper in two days 
Type Ill, D ) cation. In dezineiticati ; the case 
70:30 brass, true parting of zine and copper do-s ir b 
e so-called residual copper is always redeposited « 
s therefore no real but only apparent dezincifieation hig 
type which is characterized by the disintegration of the hn 
tube and redepos Lion ol copper over lara ireas has been f 
to oeecur with both salt and fresh water, and several wa 
which it may occur are indicated 
Ty pe I} , Plu r Local De noification, This type ) 
sion always proceeds beneath a deposit and is stimulated by ( 
presence of toreigen bodies. It differs, however, in manv wavs 


from Type Il. So far as is known, it oceurs only in sea wat 


1 


and is always associated with appearing quite salt consisting o 
colloidal Zine oxvehlor d 


e, also containing some ear 


dezincifying action 1s hought to be due to a smal! eoneentration 


f hydrochloric acid contained within the colloidal white salt 
The behavior of different tubes is not always the same and the 
reason for it is not clear. 
Type V, Waterline Attack. 
mersed in sea water increased corrosion takes place not at the 


In brass tubes only partially im 


waterline itself but above it—sometimes as high as 2 em. (say, 
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GAs TURBINES 
Holzwarth Gas Turbine, Thyssen Type; Large Com- 
pression and Power Output, Nozzle Design, Blade 
Design, Electrolytic Iron for Blades; Steam- 
Turbine Practice Applied to Gas-Turbine 


Design 


DEVELOPMENT OF HoLtzwartH GAS TURBINE SINC! 
Hans 


of the war, tests were started on a 1000-hp. vertical gas turbine 
built by the firm.of Thyssen & Co., in Miilheim These 


THE 1914, 


Holzwarth. In 1914, a few months before the beginning 
(Ruhr 


77 Therma! 


40 8 me 





32 

34 

xC 

A+mos 
2 a “a 
Il 1 ‘THERMAL EFFICIENCY OF THE HOLZWARTH GAS TURBIN 
(ASSUMED TO BE FREE FROM LOSSES) AS A FUNCTION OF THI 
CHARGE PRESSURE PREVIOUS TO THE EXPLOSION (PRODUCER-GAS 
I UEL OF HEAT VALUE 500 KG-CAL. PER CU. M.: TEMPERATURI 
LX , tt DEG. CENT, 


fic Output 


opeci 





Ab 
It ~ SPECIFIC OUTPUT OF THE HOLZWARTH GAS TURBINE (AS- 
SUMED TO BE FREE FROM LOSSES) AS A FUNCTION OF THE CHARGE 
’RESSURE PREVIOUS TO THE EXPLOSION FoR VARIOUS HEAT 
VALUES OF THE MIXTURE 
tests were discontinued during the war, but were started over 


again in 1918. The Thyssen turbine does not differ in external 
appearance from the gas turbine previously built by the author 
at Mannheim, but differs from it in several particulars of design. 

Higher Charge and Explosion Pressures. These were adopted 


to increase the output per eubie unit of chamber capacity and the 
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thermal efficiency. The average explosion pressure for continuous 
operation Was raised to from 12 to 14 atmos. abs. as compared 
the 

nothing in 


with 5 to 6 atmos. abs. of Mannheim turbine, 


There is fundamentally the way of this 


raising 
pressure still higher by inereasing the charge pressure abov 2.3 
abs. The Figs. l al d 


the charge pressure and explosion pressure on the efficiency 


the influence ot 


and 


atmos. curves of 2 show 
specific output ol the turbine. 
Period of The shorter the tim 
thie to the 
nozzle walls, and the greater the amount of heat transformed into 
kinetie energy, At 
the the period of expansion in the gas turbine 1s 
around 0.1 see. In 


Reduct oO) f the Exrpans on. 


taken by expansion less the loss of heat chamber and 


and henee the greater the eflicien V. present 


duration of 
large gas engines Qi) 


about 0.33 see., 


materially 


running al r.p.m, thie 


while in atreraft engines, in which 
Diese! 


Fundamentally there is noth 


expansion lasts 


the heat consumption is not 


interior to that m 
engines, it is 0.02 see. at 1500 r.p.m. 


ing to prevent reducing the expansion period in the gas turbi 





still more. To do ths, however, the nozzle cross-section must be 
increased, and this in turn leads to an increase in the length of 
the turbine blades and in flow resistances 
a, = 
6 Yl 
24 
ia 
N 
Fic. 3 T EFFICIENCY (AS MEASURED ON 1 Wi 
RIPHERY) AS A FUNCTION OF TH l’o , CUT ‘ i VW 
IN THE Il ARTH GAS TURBINI 
Chanase ; Shane of Blades and Bade I feninas. 1) 
erease In the period Of expansion provides an increase in pres 
sure on the blades. Furthermore, unlike what takes place in st 


for short 


; 


turbines, the jet turbines acts intermittently 


in explosion 


periods, and is of the character of a blow Because of this the 
blade shapes and fastenings used, for example, in Curtis turbines 
New blades, therefore, had to be «e 
veloped which were planned to withstand the added stresses muc! 
better. 

As regards the 


and unalloyed hard and soft steels were tested, with rather unsat 


would not be satisfactory. 


material of the blades, many kinds of alloyed 


isfactory results, and finally a soft electrolytic iron was adopted. 
With proper heat treatment blades of this iron proved to be very 
satisfactory for use in gas turbines. Table 1 shows the physical 
properties of this material from tests made in 


tory of the Technical High School at Stuttgart. 


the testing labora 


While blades made out of harder or alloyed steels rapidly show 
changes in the structure of the metal, cracks and fissures, electro 
lytic iron in gas-turbine blades appears to be quite capable of 
withstanding wear and also resistant against surface corrosion and 
erosion, provided, however, no substantial amounts of wet steam 
or water are present in the gases of combustion. 

Nozzle Shapes. DeLaval nozzles and nozzles with parallel exit 
walls were tested as well as several other shapes. The advantage 
of nozzles with parallel walls, which lies in their offering a greater 
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eross-section of exit s counterbalanced by an iner 
deflection of the jet, and on the whole it was found 
turbine experience applies within reason to the des 
turbines The most sat stactory results were obt 
DeLaval nozzles with minimum possible angle of ex 
steam-turbine practiec 

Practieal experience has confirmed theoretical 
the effect that the reduction ol eat (rT idient dur ne 
does not materially affect the efficiency of the gas-tu 


ME‘ 


ind blading. For example, if the stantaneous 
elocity at the beginning of expansion is in the 
1500 m. per see., more than 95 per cent of t ! 
f the ises of combust! s available w he 
when re et e101 y aecreast to about LOOO hi. 
| ed i ] } ( 
1 





; 


HA 


io 


7 
| 
‘ tha re thar 5 per cent ot the energ 
, ; ¢ : + ; 
é velou ‘ rving iv per cent either way trol 
velocity for which the nozzle and blading have bee 
Pr ( xperience confirms these theoretical cons 
fter time useful efficiencies of about 55 
; 
1 
rf 
¥ 
N Umf 
It ! ro Hi SUPPLIED AS A FUNCTION 0 
PUT AT THE WHEEL OF THE Hol ART GAS || 
tbout 55 per cent of the output attainable in a gas 
rom all losses) have been indicated on the peri 
wheel. 
In steam-turbine practice the upper and lower 


heat-drop process are determined on one 


hand 


bv 


pressure and temperature of the steam, and on the oth 


by the vacuum in the condenser. 


velocity of the rotor is aiso predetermined, and all 


signer can do is to rearrange the stages in ons 
In gas turbines the lower limit of 


way 


Furthermore, the 


that 


the heat drop is predet 


and for practical purposes so are the peripheral velocity a1 


ber ot 


stages. 


On the other hand, however, the designe 


to vary the upper limit of the heat drop, and through 


: jet velocity 
important ratio without 


peripheral velocity 
thereby the thermal efficiency of the turbine 
No le 


Change in Valves. 


materially 


The employment of higher 
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HYDRAULIC MACHINERY 


Balanced Hydraulic Valve for Hydraulic Recoil and 
Recuperator Gears for Gun Carriages—Hydraulic- 
Valve Construction for Minimum Leakage 

—- 

BaLANCeD Hypravtic Vatve. As a result of experience dur- 
ing the recent war in connection with hydraulic recoil and the 
recuperator gear for gun carriages, in which construction and 
design finally pressure could be 
maintained in a group of cylinders for several weeks at a stretch 
with a loss of less than 5 lb. pressure. Mr. Pearson of the Erith 


reached a stage when hydraulic 


Works, Vickers, Ltd., has designed the hydraulic valve illustrated 
in Fig. 6. 

The chief points about this valve are that it has been designed 
to eliminate leakage at the moving parts, and that it is balanced 


both at the inlet and exhaust ends. Ease of 
or renewals has been also 


effecting 


a main consideration. 
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Fic. 6. BALANCED HYDRAULIC VALVE 


The body of the valve is cut from a rectangular block of steel 
and bored out to take valve bushes; inside these bushes works the 
valve itself. In Fig. 6-A the valve is shown with the connection 
from the machine in communication with the exhaust. In Fig. 6-B 
the position of the valve euts off the machine both from the 
pressure inlet and exhaust, maintaining therefore pressure on the 
machine and keeping it stationary. In Fig. 6-C the valve is 
shown putting the machine connection in communication with the 
pressure inlet. It will be noticed that the inlet valve is tubular, 
and constructed with two series of ports C and D (Fig. 6-B 
and C). The pressure inlet connects with the space surrounding 
this valve, and when in the position shown in Fig. 6-C the 
pressure supply is put through to the machine by way of these 
ports, the set C acting as inlets and D as outlets to the machine 
connection. At the exhaust end the ports are in the bushing, and 
not the valve. In the position, Fig. 6-C, with the supply and 
machine coupled up, the exhaust-valve head is beyond the ex- 
haust ports in the bush, and the exhaust is cut off. In Fig. 6-A, 
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in connection with the exhaust, the valve 
head is near the open end of the bush, and the ports of the latter 
are uncovered, allowing connection via the interior of the sleeve, 


showing the machine 


to the exhaust pipe. In Fig. 6-B, both connections from the 
inlet and to the exhaust are blocked. The pressure valve works 


in a chamber fitted with hydraulic rubber cup packings held apart 
by a bulb-headed spacing tube of frame, the sides of which are 
eut away. The exhaust sleeve is held in place and packed also 
with hydraulic The exhaust-valve heads are fitted with 
rubber packings pressed down on to the bulb-headed rings. The 
rubbers this valve 
thoroughly proved its great durability and efficiency in con 
with gun carriages throughout the war. 
the ordinary 


rubber. 


used are of a special composition, which 
ection 
They are 


leathers used in connection with 


far superior to 
hydraulie installa 
tions. The pressure packings and frame, and the exhaust sleeve 
and packings are held in place by their respective covers, which 
are fastened to the body by studs and nuts. It will thus 
be seen that all parts may be quickly removed for cleaning and 


nspection; in fact, this can be 


four 


accomplished and the 


parts re 


























VERY SMALL LEAKAGI 


placed in less than 5 min., or in about 10 min. if new rubbers are 
required. The pipe connections can be bored and fitted to dif- 
ferent sides as convenient and two or more valves can be coupled 
for combination working. It will be noticed that the ring pack- 
ings are arranged so as to be more effective in preventing leakage. 
A small hole is drilled through the exhaust-end cover so that the 
double-headed piston exhaust valve shall be in equilibrium. The 
control lever can be easily moved by hand, and as the valve is 
balanced in all positions, will remain in whatever position it is 
placed. 

In addition to the illustrations reproduced in this abstract the 
article gives two halftones, one showing a general view of the 
valve and the other a view with the control lever dismantled and 
also showing the interior components and links for the lever. The 
whole is an interesting illustration of a minor mechanical detail 
developed to a very high stage of perfection under the stress of 
war demands. (Engineering, vol. 109, no. 2826, Feb. 27, 1920, 
pp. 281-282, d) 
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INTERNAL-COMBUSTION ENGINES (See also Aero- 
nautics, Gas Turbines, Motor-Car Engineering 
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Fic. 7 BERGSUND ORIGINAL SURFACE-IGNITION-TYPE ENGID 


tinguished and the projection R and the ignition plate ar 
hot by the temperature of It will be notice 
both the hot bulb and cylinder head are watercooled. 
The projecting piece V has a double duty as the fuel is sp 

on it at an acute angle in an almost solid stream, and is slit by 
it into fine particles. And, in order to avoid chance of mistire at 
light loads, the lipped ignition disk V,, termed the light-load ig 
nition surface, is fitted just above it, and this enables the engine 
to run for long periods without load, or without the use of the 
blow-torceh. 


kept 
t} ; 


combustion. ia 


ayed 


Fuel is fed to the injector by the pump A which is actuated by 
a cam on the governor. The governor regulates the position of 
the cam in such a manner that the stroke of the pump is suited to 
the load of the engine, hence the quantity of the fuel being varied. 
Before entering the cylinder, the fuel oil is passed through to 
separate filters, one of which may be taken out and cleansed while 
the engine is working. All troubles from the choking-up of the 
fuel-oil valves and the nozzle are obviated by this arrangement. 
(Motorship, vol. 5, no. 4, April, 1920, pp. 324-326, 13 figs., d 


CALCULATION OF 
Kemble. 


Low-Pressure Inpicator DiaGrams, E. C. 
The investigation deals with the theoretical study of 
the pressure variations in an internal-combustion engine cylinder 
during the low-pressure part of the cycle. 

The method of calculation is based on certain assumptions 
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vhich are all to be regarded as rough approximations to the 
truth, such that it is believed that their adoption does not intro 

ice any material errors. 
In order to apply the method, it is necessary that pressures 1 
he intake and exhaust manitolds at point ad] ent to the vaives 
‘ he effective clear ilve opening ll b ‘ ‘ ns 
e time B e effective clear opening 0 \ int 
e product of minin sectional area ¢ igh 
‘ e and tl] ( of efflux 
( ( ents I ma ( essu ! 
; 1) 
I ( W 
‘ correct qu 
a O coeftic 
; t 4 
Cl r é 
p intern 
‘ } th, 
i l exis al po S ( 
Diff ( il eq ms tor ft rat , 
der « ‘ iT 
‘ 1D 
eoretic —— 
1) 
It is ( ite me d ( ( 
spring diagrams | been develope her 
ment and refinements not a 
| wa l rhe At present the 0 ( ed from 
e theory cannot be relied on, but future experiments 1 show 
how to modify the theory so that it will give quantitatively cor 
rect values Vational Committee leronau Report Ni 
50, Preprint from the Fifth Ar Report, 13 pp., 7 figs., t4 


MACHINE TOOLS 


Attachment Converting Ordinary Lathe into Relieving 


Lathe 
RELIEVING ATTACHMENT FOR LATHES. It is usually considered 
to be uneconomical to make milling eutters and other small tools 


in a general engineermg shop, but occasions arise when it is de 
sirable to do so. 


All the 


available in shops, 


equipment necessary to make such tools 


is usually 
but difficulty arises in connection with the 


work of backing off or relieving the teeth of the cutters. The 
teeth can, of course, be formed by milling with special cutters, but 
the ordinary shop cannot have all the cutters 


‘ 


lerent shapes and sizes of tools. 


required for dif 
A relieving lathe which might be 
little general 
pay to have one to take care of a 


employed is likewise an expensive tool of very 


utility and it would not 
occasional odd job. 
this point of view the attachment deseribed 
Milton, Ltd., London, is of interest. It 
just the kind of job that ean u ually 
on a relieving lathe or by means of special tools 

to FL, illustrate the 
tachment. It is mounted on 
to a lathe saddle. 


From here and 


built by is intended to 


take care of be done only 


Drawings, Fig. 8, A 


construction of the | 


a gibbed plate which is screwed on 


Into this plate is fitted a steel casting having 


a hole through which the work passes, or the arbor on which th 


work is mounted between the centers of the lathe. There are 
also two oscillating tool posts carrying tools which ean operate 
simultaneously on the front and back of the work, though for 
relieving the front tool only is employed. Provision is made for 
adjusting the tools in a vertical direction to allow for any altera- 
tion in height which may have been introduced by grinding, 
likewise for the transverse adjustment of the tools. The tools 
themselves fit in slots in the tool posts and are each clamped in 
position by a bolt and nut. 


The tool posts are rocked by means of two eccentrics mounted 
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on a central shaft passing through the upper part of the main 
easting as shown at B. These eccentrics, which are counected 
to the tool posts by means of short links shown at A, are set 
at an angle ot 180 deg., so that angular motion of the shaft will 
cause both the tool posts to advance into or recede from the work 
together. Mounted loosely on the opposite end of the central 
shaft bearing is a gear wheel, and on a sleeve extending from the 
boss of this wheel is screwed a ratchet-toothed cam seen in the 
firure at A and D. The eam is driven from the nose of the lathe 
by means of a shaft having two universal joints. The cam rotates 
at the same speed and in the same direction as the work and 
must have the same number of teeth as the tool being relieved. 
The actual diameter of the cam and the shape of the teeth are 
immaterial, but the teeth may be formed with feather edges. 
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bell-erank lever is communicated to the central shaft, and also, 
through the eccentrics, to the tool posts. Two short springs 
fitted between projections on the forked parts of the tool posts 
and the main easting are provided in order to take up any lost 
motion due to wear of the links, ete. 

It will be obvious that the position of the block in the seg- 
mental groove determines the magnitude of the angular oseilla- 
tions of the eentral shaft, and consequently those of the tool 
posts, so that, by adjusting the block, the amount of relief can 
be varied at will quite independently of the shape of the eam 
The actual amount of relief is indicated by a seale engraved 
on the arm of the bell-crank lever, as shown at D, the figures 
giving the amount of relief in millimeters. The only other fea- 


ture of the mechanism now remaining to be explained is the 
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Vetment of the loolis in normal wor 
While allowing them to be Drought bie 
\\ ear ol the work belore reversing the 
Lion OL the saddle to commence au hew « 
iis arrangement Ss best showh tl 
cross-section &, trom which it will be seer 
a bolt titted with as ding sieeve 
screwed into the middle ot the central shia 
A tongue tormed on the sliding sleeve 
to a siot in the main casting, and normal 
llmits the movement OL the shatt by com 
nto contact with the end ot the slot, but 
when it is desired to withdraw the tools 


trom the work the tongue Is pulled out ot 





the slot by raising the slceve This allows 





Fic. So MILTON RELIEVING ATTACHMENT FoR LATHES 


Reamers and eutters in which the teeth are unequally spaced can 
be relieved by means of the attachment, but in such ease the teeth 
of the cam must, of course, be spaced to correspond with those 
of the work. 

Referring now to D, it will be noticed that the teeth of 
the cam engage with an adjustable pawl mounted on one arm 
of a bell-crank lever, which is pivoted on the main casting. As 
the cam rotates in anti-clockwise direction the arm of the bell- 
erank lever will be pulled downward until the pawl escapes 
from the tooth of the cam, when it will be pulled up into en- 
gagement with the next tooth by the action of a light helical 
spring seen in both illustrations. The combined effect of the 
cam and spring is thus to impart an oscillating motion to the 
bell-erank lever. On the other arm of the latter is formed a 
segmental groove, and in this groove a block, to which a short 
link is pivoted, can be clamped in any position. The other end 
of the link is connected to an arm keyed on to a central shaft, 
above referred to, and in this way the oscillating motion of the 


the spring attached to the bell-crank leve1 
to pull the latter back into the position 
indicated by the dotted lines in EF. In this 
position the tools will be quite clear of the work and the paw! 
clear of the cam; the lathe can then be reversed without altering 
the adjustment of the tools in the tool holders This is a great 
advantage when relieving screwed hobs, and is also convenient for 
ordinary screwing without relief. 

An important advantage of the pivoting tool holder in com 
parison with the horizontal slide of the ordinary relieving lathe, 
is that, in the former, the tools can be adjusted so that the eut 
ting angle remains constant at all parts of the cut, and conse- 
quently greater cutting efficiency is attained and a tool with 
much less clearance can be used. That it is necessary to tilt the 
tool for this purpose will be obvious when it is remembered that 
the normal relief to the curve at the cutting edge of the tooth 
being formed coincides with the radius of the plain cylindrical 
blank, since no metal is removed from this part of the tooth, 
whereas, at the inner end of the curve, the normal is inclined by 
an amount depending upon the amount of relief. In an ordinary 
relieving lathe, in which the tool moves horizontally, no allow- 


























1920 MECHANICAIT 
rt made or this leature, and the cutting anyvk ré 
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Lars Afloat in A 


est and Fastest Battle Cruiser 


‘ ‘ vit sketehes ) rere ' 
\ } vas unc hes \ ‘ i 
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sm ‘ September, 1916 
In 1 Ie ires the » heralds a1 vy adepa ail 
erence tructure that strikes the eve first (as co I 
¢ battle erulsers hes in the “ bulee O r 
h secures the ship against effective attack by a to his 
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‘ ‘ ] hick amidships t 
and 5 in. forward and at Above the main 12 é 
middl d upper tiers ar espectively 7 in. and 5 le 
he cont ver armor is 11 in. in thickness 
ne main ari nt of the ship consists of eight runs 
| on the middle line Each pair of guns is 1 ul 
mored barbette lhe barbette armor is 12 i hi rut 


shields are 15 in, thick m front and 11 in. thick at the sides 


The secondary armament consists of twelve 5.5 five 
of which are mounted on each side of the vessel « istle 
deck, the remaining two being mounted on the top of super 
strueture All these 5.5-in. guns are protected by g shields 


In adation there 
the superst 


distinct sets, 


forming an integral part of the mounting. are 
four 4-11 


The propelling machinery 
iit, 


anti-aireraft guns also mounted or 


ructure. 
each 


turbines 


comprises four 


driving one shi arranged in three rooms. The 


engine 


are of the Brown-Curtis tvpe and each set of machinerv consists 
of compound ahead turbines driving the propeller shafting 
through single reduction gearing. For use at cruising speeds a 
cruising turbine of the Brown-Curtis type is provided This has 
a separate casing and ean, at will. be connected to. or etex 


pressure turbine shaft by sult 


At cruising speed this turbine is operated in series w igh 
pressure and low-pressure turbines of the set. 

‘he reverse turbine is fitted with the low-pressur ng and 
rotates In a vacuum when the ship is running ahead. eh of the 
four sets of machinery is complete in itself with its own condenser 


ind auxiliaries and can be used independently. 


Fach high-pressure ahead turbine rotor consists of te: 
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orl reading the temperature scale or understand the 

movement of the pointer During the last few years, however, 
an interior grade of labor has had to be emploved. often unabl 
to understand the instrument, and it has become necessary. the 
lore, to use some other means to indicate to the Tul oper: r 
when the temperature 1s correct or to gh or too 

In some plants this is done by sigt ! mp 
lights from one central station Three lights are g1 é t each 
Lurnace: green, to indicate that the temperatur o low: white, 
correct; and red, tor hich This svster require ho I he 
maintenance ot a central operat ( sh the signa u 
an elaborate switchboard and wir stem fro é 
the central statior 

Recently, howeve str el s he elope C1 
the swnal licohts tro! 9 nvrometer itor ‘ TI) ‘ 
strument. whose construction is verv sin ! e ord 
nary indicating p meter, a contaet iDlé ‘ S ) rhout 
the whole seale range earries thre¢ contacts corresp r to the 
three lichts, th. central contact operating th 1 ( y llv 
covering a spacé -0 deg. on the seale, amounti » ti lO deg 
above or below thie desired tempe rature T 1) ter TY the 
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pyrometer is automatically depressed once a minute on the 
tungsten contacts. 

An automatie three-position relay is operated by the closing ol 
the contacts in the instrument. Let us assume that the furnace 
is started up and the low eontact is closed, corresponding to the 
green light, and the relay complete the circuit through the green 
light. The contact in the instrument is only closed a few seeonds 
to operate the relay, but the green light continues to burn until 
the temperature rises to the desired point, when the relay shifts, 
causing the white light to burn and extinguishing the green light. 
con- 


although the 
a minute 


The proper light continues to burn at all times, 
tact in the instrument orly closes for a few seconds ones 


(Journal of American Steel Treaters’ S ty. vol. 1. no. 4, Jan. 
1919, pp. 131-132, « 
’ —_ ' 

MOTOR-CAR ENGINEERING 

Mors ‘ Description ot a motor sled now being pertected 
by a company in Seattle, Was 

The prop force is obtained by applying the principle of 
the ship propeller to two revolving drums turning in opposite 
directions and having secured to them a series of spirals that 
force the sled ahead just as a bolt is toreed through a nut whet 


turning. The speed of the sled is changed by a special transmis- 


sion through a conventional gear shift. 
The faet th: 


to one another makes it necessary to employ 


t the 


propelling drums rotate in directions opposite 


a speeial gear drive 


rine 


In this ease it has three gears, the drive pinion trom the er 


directly meshing with only one of these gears, The lower twe 


with one another and drive through 


gears again mesh separate 

shafts to centrally located sprockets and then through chains 

the main-drive sprockets located in between the two drums 
Finally, the drums must be made perfectly cylindrical in shape 


in every transverse section and must be perteetly smooth. 


It is claimed that there is absolutely no slip between the snow 
surface and sled. 
In other words, for a given number of revolutions of the drum 


with a certain pitch of the skates, the actual travel is equal to 
the theoretical length of the travel. 

The drums are made of pressed steel fastened by means of 
flanges and spiders to the drive shaft. The steel skates spirally 
located on the drum are of a very shallow depth—probably not 
over ° in. high. 

In addition to this, there are two vertieal guides fastened on to 
the superstructure of the ear, the object of which is to keep the 
drum shafts parallel in a vertical plane and also to allow the 
drums and drum shafts which are supported on a central pivot 
to oscillate around this point in order to conform to the road bed 


(Motor Age, vol. 37, no. 12, Mar. 18, 1920, p. 30, 1 fig., d) 


Laxtonia Twin-Six Motor-Car Engine: Angle of “ V ™ 


and Vibration of Engines 


SRITISH Twin-Six Moror-Car Enoine. Deseription of the 
12-cylinder touring-car engine designed by W. L. Adams of the 
Laxtonia Engineering Company, Peterborough, England. 

The engine has several interesting features. The two blocks of 
30 deg. between them. 
Such an arrangement is apt to inerease vibration but makes the 
engine more-compact, which, in this case, is further enhanced by 
the fact that the cylinder blocks are cast with the main portion 
of the crankease as a single unit in aluminum. 


six cylinders (Fig. 9) have an angle of 


The 30-deg. setting also simplifies the design as it enables a 
single overhead shaft midway between the two blocks to operate 
all the overhead valves, both inlet and exhaust, through the me- 
dium of rockers. 

The crankshaft (Fig. 10) has only three throws and two jour- 
nal bearings of the roller type. Two bearings are considered to 
be sufficient because the crankpins and journals are of 23, in. 
diameter and the individual impulses are claimed to be of com- 
paratively small magnitude. 
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A detachable cylinder head is fixed over each block of eylinders 
block of cylinders is 


the other, to the extent of 21 /32 In. 


and earries the overhead valves. Each 


relation to 


staggered in 









Water inlet — 





Fic. 9 


SECTION OF THE LAXTONIA 12-C) 


LINDER FE-NGINI 


which allows the connecting rods of opposing pairs to lie side by 
side without their being offset in relation to the piston centers, 


The overhead eamshatt formed in one prece with its 24 cams 


Bam, 





CRANKSHAFT OF THI 


LAXTONIA 12-CyLINpDER ENGIN! 


is driven by a train of three spur pinions enclosed at the front of 
the engines and lies in a trough formed above the main easting. 
The oil pump delivers oil through the branch pipe to this trough 
and the rotating cams serve to distribute lubricant to all the 
overhead which is enclosed 


rear, 


by a detachable aluminum 
eover. 
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While the engine has a capacity of 6900 cu. em. (421 cu. in.) 
the two cylinder blocks are but 12 in. overall. 


While it is admitted that the uniformity of turning effort in 
this engine falls below that of a 60-deg. twelve, its tora irve 
approaches that of the 12-cylinder Liberty engine, wv its 
cylinder blocks set at an included angle of 45 deg. The: two 
peaks in the torque curve of every 120 deg. of cranks! 
tion, the minor peak occurring 30 deg. in advan 
pea | Ky 129 3349, Mar pp 
252-254, 4 


POWER PLANTS 


Principles of Standardization of Power Plants: Sug- 


gested Types of Standard Units 
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STANDARDIZED BoILer I’ 
Uprre R ); 


SECTIONAL VIEWS OF Som! 


show the éost per thousand pounds of steam and in | utter 


case per kilowatt-hour, the cost of input covering a ua 
tually put into the plant, including cost of fuel, labo per 
ating, labor for maimtenance and fixed charges on 1 tal 


investment. 


One of the most essential parts of all power plants boiler 


plant. The boiler complete with furnace draft equipment and 


feedwater supply is essentially a complete plant and it is only 
necessary to multiply the output ol such a unit to secure any 


desired output. By making the unit a complete fractional part 


of a plant extensions are taken care of with minimum troubl 
and cost. 

To make estimating of the cost of the installation easier and 
also to effect savings the author recommends devising the unit 
with the limited characteristic eq 
bearing in mind the effect that the price of the fuel ha 


installation. 


design selection of pment 


on the 


Unless necessitated by local conditions such as occur in con 
gested city districts, it is recommended in the design to use more 
ground area rather than high elevation. To secure low operating 
cost all equipment must be so located that all parts are quickly 
accessible and the disassembly is easily effected for making re- 
pairs and maintenanee. 


Savings in first cost of construction must 


Pe 





ANTS AS 
LOWER Ricut. / 
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be effected on y when they will not reduce bie ay gy in 
operation and maintenance. 
Fig. 11 shows several types i SSé b yt compl init 























and the different possible building arrangement In B plant 
shows the boilers econo LA ‘ 1uXx 1es a ed 1 the 
main building, while the induced-draft equipment, coal bunker 
and ash discharge are outdoors 
In C and D a reduetion in size of the main building is secured 
DV providing eac economize! init th a eit-contal iter 
) l x ) 
yeen eco 
It ( ! ‘ , 
neeme ts t ‘ r 
) ; i i 
equipm« 
lhe Sta I 
rum boiler set sing)l\ suitable stoke 
h arrec f I Ze! i i ( 
, | le ] 
1 rae (Aisy iy 
me | oe |) Lk 
b | yr? } | t ? a 
B — B D 
_ t } ac ~| | ° ‘=? 
PTT; bei = Li 
-<Sw.8 
F F 
A a 
B 
Cc 
E 7 
F 
6 
—t | * 
DLO 
! i s 
DESIGNED BY Lovuts R, I | I | ( 


driven. The induced-draft equipment together with stack is lo- 
cated outdoors where space permits, and inspection ol the fan 
is obtained through 


which the width ot 


a doorway opposite each unit aisleway for 
10 ft. is recommended as standard. 

A central observing and controlling station is provided at each 
side of the boiler unit, these stations being arranged where d 
sired, right and left hand, so that one operator may observe and 
Data as to the equipment and details of the 
also vive! Power, vol. 51, no. 10, Mar. 9, 


gs., ga) 


control two units. 
apparatus used art 


1920, pp. 375-378, 2 


RAILROAD ENGINEERING (See Engineering Materials 


WOOD (See Engineering Materials) 


CLASSIFICATION OF ARTICLES 
Articles appearing in the Survey are classified as ¢ compar: 
tive; d deseriptive; e experimental; g general; h historical; » 
mathematical; p practical; s statistical; t theoretical. Articles 
of especial merit are rated Opinions ex 
Edito1 


ntormation in 


A by the reviewer. 
pressed are those of the reviewer, not of the Society. The 
will be pleased to receive inquiries for further 
connection with articles reported in the Survey 














ENGINEERING RESEARCH 


A Department Conducted by the Research Committee of the A. S. M. E. 
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ilve to re ill ed t! 
L he ? <7 ‘i nis se or ( oy eel oy Rese ils = Oo ¢ t ! 5 t ‘yiinde! I ‘ ‘ . 
‘ | ‘ ‘ ves does né S ‘ 
‘ } ? ) res ‘ orl ol hic! nis ) I r er o : 
11 cur Standards Washingt I>. ¢ \ s \\ 
r1LVe 1 reSume oOL researe resuits WI l liv’ O WLOTE Stratto I) 
such mav be readily given, and to report results ! extensive (‘hemis Or ic Al-20 Campho1 A 1 
esearches whic 1! the Opinio! oOo} Lik estigaters ado not manutacture i Synthetic camphor tro nel (tury 
een studied the Institute of Industri kt 1 ( 
VarrTal papel 1 
Ss a necess eonstituent in the manutactur rt « 
allied com ions, and is used in the anuf 





cture { : Up to the present time h ! ost « 
use of photographic ecords to determine the unife y 2 
| 1 t i har nd t clusive Japanese onopoly Institute of Indust Resear 
motion of clockwork used to drive recording mechanism and t ciesaad ; ; tie : 
tases a IS45 B. St.. N. W., Washington, D. ¢ Address Allert > 
determine the uniformity of chronographs has been developed by) . 


Cushman, Director 


the Bureau of Standards. Bureau of Standards, Washington, = . o- , , 
Ib. C. Address S. W. Stratton, Director Metallurgy and Metallography Ay rO 4irconiu . 

{pparatus and Instruments A6-20 Anemometer An air-speed in treating zi oe and SRPCEETS CFCS BD | ae ares © : = 
dieator of the Robinson cup type with centrifugal indicating dition in which they are readily BOLESe ms ey 
mechanism has been calibrated. This instrument is of German CiOr nd purincation has been devel ! _ Tustitute ; 
manufacture and is very compact and well adapted for use on Industrial Research. Since zirconia is of great a 
dirigibles. It is independent of changes in air density and gives on account of its extraordinary rerracts a . a Seen 
actual air speeds Bureau of Standards, Washington, D. C sures this process —_4 — o blag rhe Institut , on 
Address S. W. Stratton. Director. — ate me "— 1585 =. St, N. W. Washington, D. 4 ceeahees 

Apparatus and Instruments A7-20 The Leucosecope Used in Pyron Allerton 8. Cushman, Director ‘ 

etry The Bureau of Standards has found that the leucoscop« Metallur ly and Metallography 1 pont Mechani Hardne md 
é ‘ ; ’ Grain Size of Carbon Steels The researe t « eted at 

of Helmholtz is applicable to pyrometry and spectral energy dis- , : 
tribution in a light source or furnace. These data have been the oan wu " Standards shows no simple re tior tween grair 
communicated to the Optical Society of America and will appear =se ang Barcness if carbon steels such as exists I mh peas 
in its Journal. Bureau of Standards, Washington, D. C Ad ind other constituent alloys. Grain size is a factor of minor im 
Snene 0. Wi. Bicetten. Mieockes. . rtance he amount of distribution of struetur ‘ tituent 

Apparatus and Instruments 18-20 New Instrument for Measuring penne ery the hardness to very great extent Uh end) 
Small Air Velocities, Thesis by A. Bb. Reinhard and J. R. Cain, completed tl rows Ad re light upon the ignitud t t SSipg 
Rose Polytechnic Institute. Use of the standard pitot tube with of low-carbon steel by cooling and — oe a oe iffect 
instrument for measuring the difference of pressures. subsequent grain growth upon annealing be the critical tes 

perature Bureau of Standards, Washingtor I). ¢ Addres 


Two shallow, airtight tin boxes about 6% in. square have 
square openings about 61% in. on a side cut in the tops. Withir 
each opening a square aluminum plate, 5%¢ in. on a side, is lo 


S. W. Stratton, Director 
Petroleum. isphalt and Wood Products {/-? Troline |’ ese \ 





\ yrocess knov as é oline *roces for tre ing 
cated so as to be central and in the plane of the top of the box ccaiabe , “— _ kn * ‘is Trolin re - ng | , 
pcg s Nase e . petroleum oils ;: stillates order t on ‘ gv} 
Thin gold leaf is then cemented to the aluminum plate and to ~ha : .. “ne = papeuty le mri hi , 
the top of the box so as to make an airtight receptacle with a oiling hydrocarbons of a gasoline-like nat ire s been developed 
flexible top by the Institute of Industrial Research This process has been 
A suitable wooden base is provided with a column for sup- given a trial on the plant scale of operation it cat y ae 


signed plant capable of treating 1000 bbl. of distillate per day 
The results obtained were satisfactory The Institute of Indus 
trial Research, 1845 B. St.. N. W Washingtor 1). ¢ Address 
Allerton S. Cushman, Director 

Refrigeration A1-20 Ammonia Vapor Pressure \ paper has been 
published in the Journal of the American Chem Society, vol 


porting an equal-arm balance, which is sensitive to one grain 
The air boxes are fastened to the base so that the centers of the 
boxes are vertically below the respective ends of the balance 
lever, and the aluminum plates are connected by suitable cords 
with the arms of the balance. Suitable stops are also provided 


for limiting the movement of the diaphragm s 


») aS to prevent 


teasing the cold leaf. 42. p 206, giving a summary of the research made at the Bureau 

When the air boxes are connected respectively to the dynami f St indards on the vapor pressure of a imonis ft 78 deg 
and the static sides of the pitot tube, the net effect upon the coms a r& deg. coms. Seven ees OS te te ighly purified 
balance is due to the pressure equivalent of the air velocity which a a ~ used Special tests showed less than one part it 
is being measured. ‘The scales are first balanced with both air 100,000 by ames of non-condensing = and less than 1/100 
boxes open to atmosphere. Then connections are made to the per cent by weight of other impurities Uhe ommercial s imples 


° ° ° P f ar if were fo y e hvs resis ( ‘ ) °’ presence of 
pitot tube and weights added until a balance is again obtained of ammonia were found to give hyster lue to tl ban : 





The added weight divided by the effective area of the diaphragm impurities. The normal boiling point was determined by stat 
gives an absolute measure of the difference of pressure. and dynamic methods Two empirical equ: tior ere found to 
The instrument was found to be sensitive enough to record a oe the results for the temperature rang vered with 
velocity of 114 ft. per sec. At 3 ft. per sec. the probable error ee a 2 ctual results Bur of Standards, Wash 
was about 3 per cent. This instrument is not suited to high ington. D. ¢ Address S. W. Stratton, Dire 
velocities. It was used succe ssfully to measure velocities between 
1% and 15 ft. per see. 
Address Prof. F. C. Wagner, Rose Polytechnic Institute, Terre B—RESEARCH IN PROGRESS 
Haute, Ind ~ ; : 

Internal-Combustion Motors A2-20 Monel Metal for Engine Valves. lhe purpose of this section ol Engineering Researeh is to 
The Bureau of Standards has recently used exhaust valves made bring together those who are working on the sam problem for 
of monel metal in a 180-hp. Hispano-Suiza engine during 130 cooperation or conference, to prevent unnecessary duplieation of 
hr. of running time. The tests were of 6 hr. duratior During — 


this period 90 hr. of the test were devoted to the study of lubri- 


work and to inform the profession of the investigators who are 
. . ° ° jor } "Eanes 2} . » T ‘ ] ; 7 
eating oils while the engine ran at 1800 r.p.m. and developed "aged upon research problems. The addresses of these in- 


130 to 140 hp. At the end of 45 hr. the valves were found to be vestigators are given for the purpose of correspondence. 
badly pitted and the valve seats were found to be in the same ¥ 
condition. During the next 45 hr. the power was the same as Internal-Combustion Motors B4-20 Kerosene Vaporizer The de- : 
before and after this the valves were opened for 40 hr. service velopment of a kerosene vaporizer for use on gasoline engines to : 
under severe conditions while the engine was used to study pre- be inserted between an ordinary carburetor and intake manifold 
ignition. High temperatures were experienced and the electrodes in which wet mixture is added by passing part of exhaust gas 

of the spark plugs were fused, the melting point being in the through tubular heater. From investigations so far conducted 
neighborhood of 1500 deg. cent. In spite of this severe test the the device appears to show more power and better efficiency than 
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Work of the Boiler Code Committee 


HE Boiler Code Committee meets monthly for the purpose of 

considering communications relative to the Boiler Code. Any 
one desiring information as to the application of the Code is requested 
to communicate with the Secretary of the Committee, Mr. C. W. 
Obert, 29 West 39th St., New York, N. Y. 


The procedure of the Committee in handling the cases is as 
follows: All inquiries must be in written form before they are 
accepted for consideration. Copies are sent by the Secretary of 
the Committee to all of the members of the Committee. The in- 
terpretation, in the form of a reply, is then prepared by the Com- 
mittee and passed upon at a regular meeting of the Committee. 
This interpretation is later submitted to the Council of the Society 
for approval, after which it is issued to the inquirer and simul- 
taneously published in MECHANICAL ENGINEERING, in order that 
any one interested may readily secure the latest information con- 
cerning the interpretation. 

Below are given the interpretations of the Committee in Cases 
Nos. 253, 268, 270, 279, 283-290, inclusive, as formulated at the 
meeting of March 18, 1920, and approved by the Council. In 
accordance with the Committee’s previous practice, the names of 
inguirers have been omitted. 


CasE No. 279 


Inquiry: Is it permissible under the requirements of the Boiler 
Code to construct steel heating boilers in diameters up to 72 and 
78 in. with shell plates 4 in. in thickness? Is it the opinion of 
the Committee that boilers of the h.r.t. type so constructed have 
sufficient shell plate strength to permit of proper lug attachments 
for support of the shell? 

Reply: The section of the Code on Heating Boilers is incom- 
plete in not specifying the minimum plate thickness to be used 
in the shells and tube sheets, and below which the thickness shall 
not be made in any case. The Boiler Code Committee recommends 
that until a revision be made to cover this class of boiler con- 
struction, the minimum thickness of shells and heads for various 
shell diameters of steel plate heating boilers shall be as follows: 











| 
42 in. or under 
Over 42 in. to 60 ir 
Over 60 in. to 78 


Over 78 in 








CasE No. 283 


(In the hands of the Committee) 


CasSE No. 284 


Inquiry: Is it the intent of Pars. 269 and 270 of the Boiler 
Code that a boiler requiring safety valve relieving capacity greater 
than 2000 lb. per hour shall have two safety valves, each one of 
which alone will properly discharge the steam, or does it require 
two safety valves, the combined capacity of which will properly 
discharge the steam? 

Reply: For capacities greater than 2000 lb. per hour, the Code 
requires two or more safety valves on each boiler, the combined 
capacity of which shall meet the requirements of Par. 270. 


CasE No. 285 


Inquiry: Is it permissible under the rules of the Boiler Code 
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to use standard extra-heavy cast-iron flanges and fittings on pipe 
connections between boilers and attached-type superheaters, and 
on the ends of superheater-inlet headers for pressures up to 250 
lb. per sq. in.? It is pointed out that neither the inlet pipe con- 
nections nor the superheater inlet flanges would be subjected to 
other than saturated steam temperatures. 

Reply: It is the opinion of the Committee that the flanges 
referred to may be made of east iron, provided the temperature 
of the steam does not exceed 450 deg. fahr., as specified in 


Par. 12. 


CasE No. 286 


Inquiry: Does Par. 321 of the Boiler Code require that all 
water column connections to boilers must be fitted with crosses 
for cleanout purposes, or is it permissible in a connection of a 
water column to a steam drum as shown in Fig. 5 to omit the 





Fic. 5 CONNECTION OF WATER COLUMN TO Sipe OF DRUM OF WATEB 
Tuse Boiler 


crosses, provided provision for cleanout 1s afforded by the gage 
glass connection on the opposite side of the water column? 
Reply: It is the intent of Par. 321 that a cross be applied at 
a right-angle turn in the water connection to a column for pur 
poses of cleaning. Where an easily accessible straight pipe con 
nection is used without a turn, the cross is obviously not needed 


CasE No. 287 


In the hands of the Committee) 


Case No. 288 


In the hands of the Committee ) 


Case No. 289 (Revision of Case No. 254) 


Inquiry: Does the reply to Case No. 254 apply only to flat 
plates or also to the holes in the shells of drums? 

Reply: This Case applies to flat sheets. It is not permissible 
to burn tube or other holes into the shells of drums unless such 
holes are strengthened with flange or other reinforcements. 


Case No. 290 


Inquiry: In determining the ratios of lengths between sup- 
ports to diameter in Table 5, is the diameter at the root of the 
thread to be used, or the diameter of the body of the stay. 

Reply: It is the opinion of the Committee that the diameter 
of the body of the stay is to be used in determining this ratio. 














CORRESPONDENCE 
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ae the automotive industrv has certainly had ; pro ical methods, with the direc betterment ot the material con 
vressive eligineering personnel. The work is comp ed, the aqitions whet members 
echanisms are delicate and, on the average, thre et ng [ shi ad like to see some ex] . I m © memb¢ Pp 1D 
vork involved ot a very ch order and, as state is wivance of the meeting whi ! ermir . : Scope 
has been done almos ntirely by comparatively en. Wile the proposed organizat . ) R | 
ihere are many instances that come to my mind whe mer ; . ad 
der thirty-one are occupied in positions of high res} ty New York, N. ¥ 
irge firt don very capable and suceessful ¢ ring 
ort During the war, we must not forget, the an was Professional sections 
ree developed by young men in the draft age. ; the 
ink nd othe: ifomotive apparatus ” | 
| feel it desirable to recognize the tact that é ihe new pl he Ameri » ‘ M Mme 
ne of the primary requisites in deeiding whether a ild eers for the establishme ( 4 ( ub He ~ 
be a member or not. but the man’s own ability. thy earty appre und I a eal ea th 
vork he is ing. al the a experience he 3 ; icleus Of which | was resp ‘ me ve ! 
é the det : ( tact | ere ire many mer ‘ cr, and later as he ehall ‘ ‘ { om) ( M Ss 
( wii ave miu vreater engineer ad rking out in tf Ss way lt Lhe equ ce 
eater capaci r engineering work than m« m our old mechanism o b-ce 0 ( ee Ol 
members simply beeause they are thirtv-twe or M ngs that section pe ' vuld be 
and have as well, of course, other qualifications # efore, ed Tor 
ook with much Interest oward anv method whie \ ow The So ety Can never attain a degree of usefulness commen 
omparatively vo fr men who are capable of assur 0 irate with the interest represented embers by condueting 
ibility, to do s cle general meet vs to be attended by evervbody o1 nobod 
JOHN his 1s a natural and inevitable result of the diver ity of machi 
Cleveland, Ohio. ery with which we are concerned, and whieh is responsible “or 
i corresponding diff rence in the nature of the problems wiilel 
engineers have to solve New machinery of each elass is pr 
Hlow Shall Engineers Organize? dueed in proportion as those engineers concerned with it estab 
lish a community of interest in the problem, and the Societv owes 
0 THE Epitor: a debt to the machinery i dustry to provide a medium of exchange 
I wonder to what extent the eurrent activity for the organiza whereby these groups of engineers may have an opportunity to 
on of a united engineers’ organization is spontaneous with the exchange ideas. For example. a group ot engineers coneerning 
embership, and whether the rank and file are really interested themselves with the development of th motorship industry can 
it and are giving it the thought and attention that such a derive but little help by attending a meeting where the subject 


indamental movement deserves. 
Does the average member realize and believe in the possibilities 
a general for the opportunities 
ervice and the recognition and emolument of the engineer ? 


organization increasing for 
In the general opinion, should such an organization consist: 
(a) Of one big association of engineers of all kinds, the lo al 
ranches of which would impress engineering thought and experi- 
nee and activities, hold their mem- 
ers together by frequent meetings of general engineering inter- 
est, bring the engineer into prominence as a factor in the eommu- 


upon local administrations 


bU05 


under discussion is stationary steam plants, nor is there anv h« Ip 


to be derived by with chemical 


the 


engineers concerned factory ma 


chinery in attending a meeting wher« subject under discussion 
iS motor cars. 


For these reasons professional sections must be organized for 
the diseussion of th proble ms ty pical of the classes of machinery 
represented by the various groups of engineers who will attend 
the meetings of such sections. Any one group of engineers held 
together by a bond of common interest really consists of two 
groups: those coneerned with the 


production of the machinery, 
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and those concerned with its proper and economic use. Together 
they may, by discussion, come to a real and proper appreciation 
of the problem; and by exchanging data materially assist in the 


solution of that problem. This does not mean that there will be 
any interference with legitimate commercial competition, but it 
does mean that the business represented by all will be logically 
and properly advanced not only for the common welfare of the 
machinery interests, but of the public, which is entitled to regular 
improvem«e nts as a mark ot progress. 

Unless professional sections of this kimd are organized and 
result be the organiza- 
perhaps such separate societies will be 


properly eonducted, the inevitable must 


tion of separate societies; 
organized anyway. 


the case 
neers, to cite only two examples. 


In some eases this has happened, notably in 
of the Refrigerating Engineers and the Automotive Engi- 
Other subdivisions will form 
unless provision is made for the development of their interests 
within « 


ur Society. While in special cases the interests may be 
so very large as to make it quite impossible properly to eare for 
them by professional sections in our Society, I am firmly of the 
belief that professional sections should be anyway. 
My reasons for this are that there are certain fundamentals under- 
lying the design, production, and in some cases, also, the economic 


maintained 


use of all machinery which are apt to be lost ‘ight of in a special 
roduced in the de- 
velopment of one line of machinery or m chanical appliances 
which could be adopted with mmor or no modifications by quite 
another group. 


society; and also that there are many thingt 


If, therefore, these groups are kept quite sep- 
arate, as would be the case if they met in separate societies, as 
the Automotive and Chemical: Societies are separate from those 
of the Lawyers’ Society, professional progress would not be as 
rapid as if they were to come in contact at the same time and 
place, where there would always be a harking back to the ques- 
tions of a community of interest and basie scientific fundamentals. 
This means that the professional sections in the A.S.M.E. could 
accomplish something which separate societies could not accom- 
plish. These professional sections will not prevent the organiza- 
tion of separate societies when the interests involved become large 
action, but if their 
organization. maintenanee 
as separate 
become, through proper codperation, the centraliz- 
establishing communities of interest all 
professional interests representing 


enough to justify such will prevent 


the 


same topies 


pre- 
lk urthermore, 


mature or unwise 


of professional sections dealing with the 
soeieties 


may 


ing means ol! among 


machinery int and the 


them. 


Some of the 


erests 


existing been 


well 


is belie 


separate societies which have or- 


ranized may take this matter under serious consideration, 
them will do well to disband 


of the A.S.M.E. Th 


are those i 


because it ved that some of 


and become professional sections 


typical 


eases il 


which this is believed to be true which the 


separate societies are finding difficulty in seeuring either proper 
financial support or have a small and not uniformly high grade 
of membership, professionally speaking, and have difficulty in 
securing proper papers of high professional character. The in- 
by these groups can be far better served by 
professional sections than by struggling independently. 

On the other hand, those separate organizations, such, for ex- 
ample, as the Society of Automotive Engineers and the Marine 


iingineers and Naval Architects, which have reached a high degree 


terests represe nted 


of society prosperity in finances, membership and number and 
quality of papers, enthusiasm of and such matters, 
should weleome, and in my opinion would welcome, a parallel 
professional section in the A.S.M.E., and would be willing to sup- 
port it as a means of coérdinating related interests and funda- 
mental professional matters, the 
centralizing link. 

As know, I and 
have been a student of society affairs for quite a long time, and 
I am quite sure in my own mind that the professional-section 
idea cannot be overrated in importance, although it ean of course 
be misused. With the Council supplying broad-minded, helpful 
advice and actively concerned with the problem of promoting 
the development of 


meetings 


professional section acting as a 


you am a member of several organizations 


American machinery along the most effective 
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professional lines, the professional-section idea may well be ex- 


pected to produce results never yet attained, and react to the very 
great credit of our Society as a national institution. 
Crarues BE. Luck 


New York, N. Y 
Thermal Conductivity of Insulating Materials 


EpiTo 


paper presented at 


lo THI 


In his the Annual Meeting and published 


in MECHANICAL ENGINEERING for January on page 8, Mr. T. 5 
Taylor has given considerable valuable information on the thermal! 
conduetivities of electrical insulating materials. Only a few hea 
insulating materials are considered, however, and none of the 
more efficient ones. 

In the ease of electrical insulating materials high thermal con- 
duetivity is a desirable quality as it facilitates the dissipation of 
heat from electrical conductors, while obviously in the case of 


heat-insulating materials it is low conductivity that is desirable 


Furthermore, the results are expressed in units convenient to the 


electrical but not to the mechanical engineer. Therefore it would 


seem that the paper would have been more likely to receive atten 
tion of the engineers most interested had the 
explicit. 

The 


ordinarily 


which the results are expressed 


used in 


units in 
this country in connection with heat trans 
mission. In order to convert gram-calories per square centimeter 
per centimeter thick per deg. cent. B.t.u. per 
sq. ft. per inch thick per deg. fahr. per hour, the values must be 
The 
evidently gram-calories per square centimeter per centimeter thick 
stated. Th 


per second into 


multiplied by 2903. values in column 5 of Table 2 are 
re- 


ch 


piving values 


per deg. cent. per second & 10° and not 10” as 


fore the equivalent conductivities in B.t.u. per sq. ft. per u 


thick per deg. fahr. per hour are obtained by mult 


in column 5 by 0.002903 
Substitution ot 


vv Mr, Taylor would giv 


temperature coefficients u 


decreasing valu 


temperature is increased. . Conducetivities of poor conductors of 
heat generally increase as temperatures are increased, fore 
ipparently tf] quation should read ky l+at 


Simplification of Venturi-Meter Calculations 


To THE E 
A pape r on thie Simplifieatior ot \ tut 
April 1920 issue of MecHanican | 


which its author 


published in the 
deseribes a method 
the ealeulations involved in the ventuci-meter 


tion of measur 


ments of the flow of compressed air, and which reduces the wor 

of one determination to a simple slide-rule computation requiring 
but a fi the venturi-meter 
formula as given by Herbert B. Reynolds, Mem. Am. Soe. M. E 
Am. Soe. M. E., vol. 38, p. 799. In using this or any 
other modification of previously devised formule it is 
i the 
some of the less complicated formule are limited 11 


; 


w settings. His method is based o1 
in Trans. 
Wi1St to 


formula, as 


cheek at least one point Im problem by a tru 

their appli- 
cation. 

In 1898 F. G of the Illinois Steel Company, 

the thermodynamic formula for measuring gas and steam thro 

Nine years later E, P. Coleman, Mem. Am 

1 paper entitled The Flow of F a Ventur 


a formula equivalent to the author’s | quations 


Gasche, developed 
igh 
the venturi meter. 
Soe. M. E., in 
Tube, 
2. The method which the author has independently worked out 
of handling what might be termed the most disagreeable factor 
of the equation is the same method which has been employed by 
several others. Tor 


lids in 


gave 


an elaborate 


instanee, Mr. Gasche developed 


series of curves and diagrams for ealeulating gas and steam flows 


Trans. Am. Soc. M. E., vol. 28, p. 483 
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tions which occur in the values A./A,, n, and P./P For in- paid these men who, in most eases, would not otherwise be 
stance, for the measurement of gas each size of standard venturi Position to take advantage of such an opportunity. 
meter tube has four throats, the diameters of which are approxi- An effort to establish an American trade and technical school 
ttely 3/12, 4/12, 5/12 and 6/12 of the inlet diamete For n_ ‘|S being made by Peking University, an American missionai 
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_ perhaps the greatest, for the upbuilding of China today, mora 
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Meeting in Memory of Andrew Carnegie 


Andrew Car 

sie was held on April 25 in the United Engineering Societies 
Building Authors’ Club, the 
Trustees of the New York Public Library, the Oratorio Society, 
St. Andrew’s society and the United Engineering Society. The 


A meeting in memory of the life and work of 


under the joint auspices of the 
musie¢ by the Oratorio Society and addresses 


Hon. Elihu Root. Dr 


Merrill of the Brick Presbyterian Chureh gave th 


program included 
Dy Dr. John H. 
William P. 


Finley end the 


invocation and tributes were read from Hon. William H. Taft. 
sir Oliver J. Lodge, Visco nt Bryce and Lord Morley. 
John Fritz Medal 
At a meeting to be held in the Engineering Societies Build- 


ing at 8.30 p. m., May 7, the John Fritz Medal for 1920 will be 
presented to Mr. Orville Wright, Honorary Member of The 
American Society of Mechani¢al Engineers. The speakers of 
the evening are to be General O. Squier, Chief Signal Officer, 
S. A., and Colonel E. A. Deeds, of 
yrominent in the Aireratt Produetion 
Mr. B. B. Thayer, Board of Awards, 
and Prof. Comfort A. Adams, chairman of the 
ering Division of the 
e award. All members ot 


Dayton, Ohio, who was 
Board during the war. 
present chairman of the 
Engi- 
National Researeh Council, will present 
the Society are cordially invited to 


vill preside 


American Railway Engineering Association 
Joins Engineering Council 


The American Railway Engineering Association, whose excel- 
lent technical work in many railway construction 
and maintenance is well known, has acepted an invitation from 
United Engineering Society to become a member society of En- 
gineering Council. The Association has about 1,650 members 
and its headquarters are at 431 South Dearborn Street, Chicago, 


branches of 


THE JOURNAL 
Am. Soc. M.E. 


Illinois. Its President is Mr. Harry R. Safford, and its Seere- 
tary Mr. E. H. Fritch. 

The Association has named as its representative upon Engi- 
neering Council its President, Mr. Safford, who is a member of 
the American Society of Civil Engineers and Engineering Insti- 
tute of Canada. Mr. Safford was recently appointed Assistant 
to President Hale Holden, of the Chieago, Burlington and 
Quincey Railroad Company, the Colorado and Southern Railway 
Company, the Fort Worth and Denver City Railway Company, 
and the Wichita Valley Railway Company. He was formerly 
Chief Engineer of the Grand Trunk Railway, and is well known 
in Canada, as well as in the United States. 

Six engineering organizations with a combined membership 
of 45,000 are now represented in Engineering Couneil. Thes¢ 
are: American Society of Civil Engineers, The Ameriean Soci 
ety of Mechanical Institute of Mining and 
Metallurgical Engineers, American Institute of Electrical Engi 
neers, American Society for Testing Materials, and the Amer 


Engineers, American 


ean Railway Engineering Association. 


National Chamber of Commerce to Vote on 
Department of Public Works 


The question of whether or not the Federal Government should 
establish 
mitted for a r 
of the United States C 


rmine the 


a Department of Publie Works has recently been sub 
1305 member organizations 
result of this 
attitude or 


ferendum vote to the 


amber of Commerce. The 
National 


n it eomes up for Congressional action. 


referendum will det: Chamber's 


this question wh 

The questions submitted by the committee appointed by th 
National Chamber to make a study of this matter are as follows 
established by the National 
W orks? 


department be established by 


lL. Shall there be (government 


Department of Public 


2. Shall such 


suitable modifica 


tion ot the existing Department of the Interior, excluding there 


from the non-related bureaus or offices, and by the change of 


name of the Department of the Interior to the 
Publie Works? 


9 


3. Shall sueh department be 


Department of 


created by the creation of an 

entirely new department? 
Engineering Council, which is one of the member organizations 

of the National record as favoring the 


adoption of the Jones-Reavis Bill (S-2232-H.R.649) now pend 


Chamber, has gone on 


ing in Congress. This bill provides that the name of the 


tive department, at 


exeeu 
present designated as the Department of the 
Department ot Publi 
Works, and that the head thereof shall continue to be a membe: 
of the cabinet under the official designation of Seer tary of Pub 
lie Works. The 
of the work now transacted under the Department of the Inte 
rior to other departments and would also place additional bu 
under the new department, have been d’scussed at lengt! 
of MECHANICAL ENGINEERING, August 
709, and the February, 1920, issue, p. 136 


Interior, be changed to the name of th 


details of this bill, which would transfer muc! 


reaus 
in past issues notably in 


1919, issue, p 


Putting the Technic in Technical Education 
The Harvard Engineering School has adopted a new plan of 
instruction for the junior year of the engineering course whereby 


students will be given an opportunity to combine classroom wor! 


with six months of active engineering practice and industria 


training. 

The courses for the freshman, sophomore and senior years will 
but during the junior 
spend 


} 


three separate periods of two months each in the outside work 


remain approximately as they are now, 


year the students who desire the industrial training will 


The schedule will be so arranged that these students will also r« 
ceive the regular amount of classroom instruction. 

In general, the plan lies along the lines of the highly-developed 
and successful plan of industrial codperation which was initiated 
by Dean Schneider at the University of Cincinnati, where it has 
been carried on so successfully for many years, and which also 
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has been applied in a modified form at the University of Pitts- 
burgh. This plan has been modified still further to meet the dif- 
ferent conditions and needs at Harvard, where the technical work 
of putting it into operation will be in charge of Mr. H. O. Drut 
ner of the University of Cincinnati. 

The plan has received the support of the Associated | 





iustries 
of Massachusetts, comprising some 1400 industrial and engineer 
ing concerns, and these industries have indicated their willingness 
to take on as many students as the Engineering School desires to 
place. It is expected that the men who go into this work will 
be paid current wages for the periods in which they work in th 
plants, and that they will be able to earn sufficient money to pay 
their expenses during these periods, so that the experie: if not 
actually profitable, at least will not be a financial burde: 
Professor Hector J. Hughes, chairman of the Adn 
Board of the Engineering School, explams the purpose of the 
“One of the first problems which the staff 
of the new Engineering School set itself to solve wa nd an 
effective way of getting the new School and its students 
relations with industrial and engineering work before they grad- 


strative 
new plan as follows: 
to closer 


; 


The need for such relations has been increasing 


late vident 
n the past few years. The object of such codrdmation is mani- 
fold: to stimulate interest in the classroom work, eep the 
teaching staff well-informed of the needs of industry a how to 
train engineers to meet them; to give the students so mate 
knowledge of the great problems of labor and industr they 
iave to meet after they graduate, and thus to anticipate to some 
extent the period of initiation which all students must rough 
ind better to fit them to begin their careers; to give them an 
opportunity to discover how intricate and interesting basic 
industries are and to what extent scientific knowledg av be 
ised in work which is too frequently looked upon as 1 t nical ; 
other words, to find out how many kinds of career re oper 
technically trained men and how wide is the opportunity for 
such men. Another object of the new plan is to st ite the 
terest of the industries themselves in the adaptat heir 
special needs of education in engineering. To sum up, the object 
of such coordination is to give our students the cl to find 
mselves.”’ 
The Outdoor Power Plant 
[t has been the accepted practice in engineering sign that 
1 hydroelectric power plant must be sheltered by a hous The 
iestion, however, whether there is really any need i ex- 
pensive buildings that have always been erected fo using 
renerating equipment is ol increasing importance in view ol the 
present economic situat This question of the practicability of 
he outdoor generating station is pertinently discussed by H. W. 
Buck in the March issue of the General Electric Revie 
[he modern, vertical-shaft, internal revolving-field generator, 
e argues, is essentially a waterproof structure. The vital parts 
f the machine are all on the inside protected by issive cas 
of cast iron, and the openings in the upper spider are usu- 
illy plated with steel for purposes of ventilation so that the 
p is protected. With slight modifications in its design, the 
undard vertical-shaft alternator can therefore be made proof 


stresses of weather. The waterwheels themselves nat- 


eed no housing. 
arings steel or ir 


little The y 


ies, including governors, connected with a hydroelectri 


i 
Thrust be are housed in casings 


heavy 


4 
ind need auxila- 


plant 


protection from weather. 


an easily and advantageously be installed under the main gen- 
erator floor in the various compartments naturaliy existing in 
e substructure of such a plant and there protected from the 


weather. 


dollars 


It thus appears pertinent to inquire why millions of 
re expended to hous« machinery which does not need housing 
it all. 

As an example of a scheme eliminating the expensive super- 
structure, Mr. Buck described the general design of the Muscle 
Shoals Development prepared for the War Department by 
Viele, Blackwell & Buck, Engineers, in August, 1918. This 
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design comprised the outdoor installation of fifteen 20.000-kw. 
generating units. It was proposed to install within the gen- 
erating structure itself only the water turbines, generators, ex- 
citors, governors and the various pumps. The usual iron frame 
of the stationary armature was to be omitted and the armature 
laminations and coils were to be attached to the surrounding con- 


erete. The switchboard panels were to be located in a rela- 
tive ly small pulot house wi ich would also contain the low oltage 
oil switches and busbars All of the transformers and high- 


tension equipment would be installed in the open, adjacent to 
the pilot house. In this arrangement the switchboard operators 
would be housed and the generator attendants also protected 
in the substructures. The plant auxiliaries would also be housed. 
All of the vital parts of the alternators could be inspected from 
below the machines. Only the occasional inspection of thrust 
bearings would have to be made in the open 
form under protection from 
and repair on the 


In order to per- 
he weather the work of installation 
units, it was planned to install 
a housed-in travelling gantry crane of sufficient length to cover 
a single unit, which 


renerating 


would travel on rails the total length of 


the generator structure. 

In the ease of this Muscle Shoals plan the estimated saving 
in construction cost vy omitting the superstructure was very 
large, amounting to over $700,000 ifter pay e for tl pilot 


house and gantry cran 
It is true that this Muselk 


‘ Shoals 
conditions of 


mee 
the weather Alabam: mild 


’ climate 1S i 
o reason why it should not be possible to make an 


Dut there is n 


outdoor generator snow-proof as well as rain-proof. The oper- 
ator would be normauy housed in any cas he pilot i use 
or between decks in the substructure, and would be req ured to 
ro on deck at occasional intervals only. 


A New Development in Marine Propulsion 
Five 


years ago the writer of this had the ple: e of listen- 
ing to a paper on the Application of Electri 


i 


ty to Marine Trans- 


portation by William P. Donnelly, Mem. Am. Soc. M. E., pre 
sented before the Brooklyn Engineers’ Club, dealing with a 
plan which the author had developed for the generation of 


electricity upon a vessel designated as the “ power boat ” 
transmitting it by 


and 
means of a flexible, waterproof cable to one 
or more other vessels and thereby utilizing the 
siloriar _— 115 : } } 
pulsion through propelling apparatus operated by 
Mr 


electrically-propelled yacht, Dawn, 50 ft. 


energy for pro 
electric motor 


constructed 


Donnelly at that time had designed n 
12 ft. beam, 


generator 


long and 


with a 60-hp. gasoline engine, a 40-kw. electric and a 


allowed a surplus 


1 


20-hp. motor for driving tl 
of from 20 to 30 


itself, to be used for the propulsion of a second 


ie propeller, whic! 


hp. beyond that required for driving the boat 


The yacht 


one ot the 


boat. 
was designed primarily for 


¢ 


experimental purposes, 


features being the elaborate instrument board with fifteen dials 
tor ammeters, voltmeters, tachometers, gages. ete 


the 


at sea, canal 


The author pointed out that through 
in connectior 


use of a power il 


with cargo vessels barges or pleasure 


boats, there would be a material saving in cargo or passenger 
space and expense of eq upment In the case of passenger boats 
it would be possible to reduce materially the fire risks, the dis- 
comfort from excessive heat in warm weather through the elim- 
ination of the steam boilers, and annoyance from excessive 
vibration due to the elimination of reciprocating engines. Fur- 


ther, it would extend the general use of electricity for refricera- 
tion, heating, cooking, ete., adding to the convenience and clean- 


liness of the boats. 


In an article in Marine Engineering for April, 1920, Mr. Don 
nelly publishes the sequel to his earlier paper in which he de- 
scribes a second yacht, the New Era, completed last year and 


The lines laid down were the 


Dawn, but with the power plant eliminated. A 


designed for pleasure purposes. 
same as for the 
20-hp. electric motor for propulsion was installed in the same 
manner as on the Dawn, below the floor of the forward cabin, 
thus leaving the entire cabin space free of machinery. Inciden- 


tally the yacht was made non-sinkable, following out the scheme 
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developed by Mr. Donnelly and tried out during the war on one 
ot the This was aecomplished by placing the floor 
of the cabin 6 in. above the water line and filling in the vacant 
below with air-tight copper tanks, and with balsa wood 
in the irregular parts of the hull. The electric current was re- 
from the generating plant of the Dawn through a flexible 
reel on the bow 


transports. 
S1PiLee 


eelved 


cable. as deseribed above, which ran from a 
of the Dawn, which was to serve as the power boat, to the stern 
of the New Era, which was to serve as the pleasure craft—in 
effect a 


Last 


floating home. 
from New York to 
New York Barge 


or power boat, fol- 


trial 
way ot the 


November a made 


trip 
Hudson 


Era leading and the Dawn, 


LOW INE | trip 


Was 
ochenectady, Dy and the 


‘ 


Canal, the .\ 


Was successtul, and demonstrated the possl 


bilities of this method ot 


propulsion either for pleasure or for 


ommereial uses. It showed the great degree of comfort whic] 
( ) id UW uring W electric | er in practically w 
] ed quar so iar as immedala necessities were concerned, 
nie W resegatlion ( wer boa tiie OWE ant 
cl stores an e ia he l Wl ( 
i ulsin 

The broader application oO! electricity to marine transporta- 


is obvious. In place of the 


conceive otf a large 


tion vet to be put into actual use 


suiall vaeht deseribed we can power boat 


convoying up the Hudson o or more patat passenver eratt 


features ot such boats; or sim- 


devoid ot all the objectionable 

larly supplying the power for taking up freight vessels or 
barges. These freight carriers could be left at the dock at the 
terminal point and the same power boat used if necessary to 


bring back other vessels while the first were being unloaded. In 
his recent article the author points out the possibility, also, of 
using electrically propelled ear floats conducted by a power boat 
floating between them and shows a schematie illustration of three 
other 


r the 


electrieally barges moving one behind the 


prope lled 
throug! 


a canal, and followed by a fourth barge containi 


power-getre rating 


plant. 


The Measurement of Minute Motion 


Indian 
country, 
Chunder Bose, and called by him the “ creseograph ” promises to 
render a service to science in some ways similar to that which has 
been rendered by the microscope, and particularly the ultra- 
microscope developed by Siedentopt and Ziegsmondy. 


A little instrument recently deseribed by an scientist 


well-known in scientifie aircles in this Sir Jagadis 


The instrument, full details of which have not yet reached this 
country, appears to comprise means sensitive enough to be in- 
fluenced by movements as minute as, for example, the growth of a 
leaf of a plant. It magnifies these movements millions of times 
and projects them on a screen so that the growth of an ordinary 
plant can be made actually visible. 

The inventor of this instrument developed it in the course of 
many years of investigations on the responsiveness of plants to 
external influenees, and the crescograph has already given 
important and but little suspected information on plant life. 

It is obvious, however, that its usefulness is by no means limited 


very 


to the particular object for which it has been developed, and one 
can easily see many useful fields of its application in engineering. 
The following few topics are mentioned simply by way of illus- 
trating some of its possibilities and calling the attention of en- 
gineers to what may become a new and important tool of modern 
research. 

Physics tells us that metals expand with increase of tempera- 
ture and within certain limits it would appear that such expansion 
is proportional to increase of temperature. Whether, however, 
this is really so for very small ranges of temperature is by no 
means established and yet would be well worth knowing, The 
erescograph would easily show variations in the length of even 
a short metal bar with changes in temperature as low as 1 
deg. fahr. 

Another problem the erescograph could solve is what law is 
followed im the expansion of bodies of irregular section; for ex- 
ample, elliptical or streamline. The next subject on which we 
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have practically no information at all is whether wood,—in par- 
ticular, laminated wood,—is affected by changes in temperature 
and humidity of the ambient medium and to what extent. 

We all that shape within some 
period after it has been taken out of the mold,—a 
often leads to important distortions and always has 


know a casting changes in 


facet which 


to be taken 
into consideration. We are entirely ignorant, however, as to the 
chronology of this change in shape and dimensions and, in facet, 
do not know when it begins and how it proceeds and how long 
It may 


a crescograph or an instrument properly developed 


it takes for it to run out with castings of various shapes. 


be hoped that 


for this purpose may one day enable us to take, let us say, a 
casting for a large gas engine, put on it the sensitive feelers of the 

strument a . half an hour or so determine by looking 
on a screen in a dark room whether the casting has definitely set 
Or 18 St 

Numero t Show 1 0 eel 1 
magnetic held ndergoes certain moc it10 ot 1 ( 1ensions, 
depending on the charaeter of the metal Oo h respec 
8) he | S ( fiel« ul 0 rs | 
fact, attempt ave been made te ise this metho r pra 


purposes in “ setting” the metal. 


The most int 


resting phenomenon, owever, 18 the behavior 


a bar ot aterial, such as iron or steel, in an alternating 


magne ( 


magnetic field and it would have been extremely interesting to 
determine just ow and to what extent th variations in the size 


and shape ot the bar respond to the 
the field. Ther 


which we are 


Variations i 


the dens ty ol 
are numerous highly interesting factors here ot 
absolutely ignorant, such as the relation betwee: 
in the magnetization of the 
bar and the hysteresis in the movements of 


which affect 


the hysteresis field surrounding the 


the bar itself, factors 
very 
methods. 


materially practieal applications of such 


With today’s methods we are incapable of knowing what hap 
pens to the bar on every eycle of the alternations in the magneti« 
field and can guess at it only from the final results, 
erude and unfruitful. 


a method 
With a erescograph we might be able t« 
see the metal contract and expand on every eycle and as we cat 
see by means of other instruments already in existence the varia- 
tions in the 


+ 
aensity of 


the magnetic field, we should have no 


trouble in establishing the laws governing this highly interest 
phenomenon 
It would appear, therefore. that here, as il itther cases the 


instrument developed for one purpose might serve to help us out 


the spirit 


in many ways for which it was never intended, and wit}! 


of research abroad i? the land as it 1s today. t} PTR 18 Sec areely 


any 


doubt that the possibilities of the principle of the ereseograpl 
will be rapidly realized and a new world of finitesimally smal] 
motion, whic} present lies entirely hye vond ur ker will he 


open to us, 


New Engineering Periodical in Three Languages 


Engineering Progress, the first issue of which has just bee 


eceived, is a review of engineering published in 


three parallel editions—German, English and Spanis It 


treats 
of German machinery and products in the various engineering 
fields in a semi-popular, semi-commercial manner and as far as 
possible in non-technical language. It is one of a very few 
papers devoted more particularly to the needs of th purchasers 
of machinery than to the students of design. In view of the 
present controversy as to the use of the metric and English units 
of measurement, it is of interest to note that although metrie units 
are in common use in Germany, Engineering Progress uses the 
English units and does so without giving their metrie equivalents. 

This new periodical is published jointly by the three most 
prominent German engineering organizations, the Society of Ger 
man Engineers, the Association of German Electrieal Engine rs, 
and the Society of German Metallurgists. The editor is Dr. C 
Matschoss, well-known to many mechanical engineers in this 
country in connection with the trip of the members of Th« 
American Society of Mechanical Engineers to Germany not long 
before the war. 
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Vy . t Wi rat I rf ‘ ‘ hy < ! , 
: Ii livdrauhe Power De s s and conside) e uew papers pr ( 
curs oO t! \\ hye oO bi 4 0 ! ind profiteering, U1 star ‘ 
Sund Ma Keokul | . on questions appraisal and valuation 1s f im- 
t ka eveloy ry portance This is rapidly being realized an : to 
vras} ve discussed will make His Se@Ss1o! f ! every 
} ances 
SES . St. Louis engineers and onsiderat | r 
( The St. I is Sessior v] diseuss the } ne roble 
e presented at the Me si ( ! oda d ri yn 
e headings Ap ; wh St. i : ely 
OUIS BRIDGES 
Ir Lat Eaps Bripat 
nauties, Foundry, Scientific. and Power and Con A depends. Papers will also be given DV St. Louis engineers a 
session with papers presented by St. Louis members ering new form of stoker and on the subject of screw threads 
The Aeronautie Session, to be held simultaneously with the 


miscellaneous subjects has also been arranged. 


The Appraisal and Valuation Session with which t 
he 


will opened on 


session on the same subject held at the 1919 Annual 
where such great interest was shown that time did not 
full diseussion. This session at the Spring Meeting will 


Monday afternoon is a continuatio 


meeting Foundry Session, comes Wednesday morning. The a 
of a at MeCook Field have revealed a method by which t 
Meeting, of unknowns may be reduced in the design of propellers. 
permit -method is set forth most interestingly in the paper by 


there- 


HOY 


Caldwell and 


Fales, the 


presentation ot 


W 


ithorities 
he effect 
his 
Messrs. 


will be aided by 
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motion pictures of a phenomenon seldom exhibited—air in mo- 
tion. The eminent French engineer, A. Rateau, who so ably 
assisted his country in airplane development during the war, 
is contributing at this session a paper of basic theoretical value 
to the airplane designer. Further, the work of the Bureau 
of Standards in the Design, Construction and Inspection of 
Aeronautic Instruments is well set forth in the paper by M. D. 
Hersey. The fourth paper for the meeting is of a research na- 
ture, covering the Flow of Air through Small Tubes. 

The Foundry will contribute valuable data to the 
machinery designer. The various characteristics and limitations 
of the different types of metal castings will be given by men 
thoroughly familiar with their subjects. 

Thursday morning is given over to the Scientific Session and 
the Power and Combustion Session. The Scientific Session is 
held jointly with the American Society of Refrigerating Engi- 
neers and the American Society of Heating and Ventilating En- 
gineers, and a paper on the Thermal Conductivity of Heat Insu- 
lators is to be contributed by M. S. Van Dusen for the first- 
named society. The record of a research made for the Engi- 
neering Foundation will be presented in a paper by Clemens 
Herschel which gives the results obtained in his development of 
a weir for open-channel measurement of the flow of water. The 
other papers to be considered at this session relate to venturi- 
meter calculations and to the dissipation of heat by various sur- 
faces. 

The Power and Combustion Session will consist of papers on 
the burning of pulverized coal at high altitudes, on the descrip- 
tion of a new development in locomotive feedwater heaters, on a 
method of separating dissolved gases from boiler feedwater, and 
on the efficient use of natural gas in domestic service. 

A complete list of the papers is given here so that the member- 
ship may order the copies they desire for consideration before 
the meeting. The coupon facing page 263 of this issue should 
be used in ordering advance papers. 


Session 


Papers TO Be PRESENTED AT MEETING 


APPRAISAL AND VALUATION METHODS, David H. Ray 


FUNDAMENTAL PRINCIPLES OF RATIONAL VALUATION, James Row- 
land Bibbins 
DATA ON THE Cost OF ORGANIZING AND FINANCING A PUBLIC 


UTintity Provect, by the late F. B. H. Paine (contributed by 
Dean M. E. Cooley) 

THE CONSTRUCTION PERIOD, H. C. Anderson 

PrRIcE LEVELS AND VALUE, Cecil Elmes 

THE Hovusinc ProsBLeM, Nelson Cunliff 

INDUSTRIAL HousINa, Leslie H. Allen (Springfield, Mass) 

RIVER BARGES AND TERMINALS, Wm. S. Mitchell 

MISSISSIPPI VALLEY RIVER TRANSPORTATION 
Schadek 

BURNING EASTERN COALS SUCCESSFULLY ON A CONVEYOR FEED TyP! 
SToker, L. R. Stowe 

TIGHT-FITTING THREADS FOR BOLTS AND Nuts, C. B. Lord 

PHYSICAL BASIS OF PROPELLER DESIGN, F. W. Caldwell and F. N. 
Fales (illustrated by moving pictures) 

ANALYTICAL THEORY OF AIRPLANES IN RECTILINEAR 
CALCULATION OF MAXIMUM CRUISING RAprius, A. 
Mem. Am. Soc. M. E. 

\ERONAUTIC INSTRUMENTS—GENERAL [PRINCIPLES OF CONSTRUCTION, 
Mayo ID. Hersey 

FLow or Air THROUGH SMALL TuBEs, T. 

WetrR FOR GAGING THE FLOW OF 
Herschel 

SIMPLIFICATION OF VENTURI-METER CALCULATIONS, Glenn B. Warren 

DISSIPATION OF HEAT BY VARIOUS SuRFACES, T. S. Taylor 

PULVERIZED COAL IN METALLURGICAL FURNACES AT HIGH 


ACTIVITIES, E. W. 


FLIGHT 
Rateau, 


AND 
Hon. 


S. Taylor 
WATER IN OPEN CHANNELS, Clemens 


ALTITUDES, 


Otis L. MeIntyre 
EFFICIENCY OF NATURAL GAS USED IN DOMESTIC SERVICE, Robert 
EF. Earhart 


A METHOD FoR SEPARATION OF DISSOLVED GASES FROM 
Some or Its Usgs, J. R. McDermet 
LOCOMOTIVE FEEDWATER HEATING, Thos. ¢ 
GRAY-IRON CASTINGS, Richard Moldenke 
MALLEABLE CASTINGS, Enrique Touceda 
STEEL CASTINGS, John H. Hall 
ALUMINUM CASTINGS, Zay Jeffries 
Dre CASTINGS, Charles Pack 
3RASS AND BRONZE CASTINGS, C. H. 
ELEVATOR CopE, (Committee Report) 


WATER AND 


’. McBride 


sierbaum 
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ELEVATOR CopE AND RULES ror AIR TANKS AND PRESSURE VESSELS 


The Elevator Code will be presented for public discussion at 
a session to be held Tuesday morning. This code is the result 
of several years’ work on the part of the Committee on the 
Protection of Industrial Workers of The American Society of 
Mechanical Engineers, assisted by the U. S. Bureau of Stand- 
ards, elevator manufacturers’ associations, casualty and fire in- 
surance companies and related engineering societies and elevator 
specialty manufacturers. The code covers the construction, 
operation and maintenance of elevators, dumbwaiters and esea 
lators. 

The Boiler Code Committee will present for preliminary open- 
meeting discussion the rules for the construction of air tanks 
and pressure vessels, published in the January, 1920, issue ot 
MECHANICAL ENGINEERING. This presentation will be mad 
Wednesday morning simultaneously with the Aeronauties and 
Foundry Session. 


E.NTERTAIN MENT 


A series ntertainments and excursions have been laid out 
to insure a very agreeable passing of time and an opportunity 
to see the points of greatest interest in St. Louis. The excur- 
sions include trips to the plants of the Commonwealth Steel 
Company, Busel-Sulzer Diesel Engine Company, Heine Safety 
Boiler Company and the large power and gas plants, as wel 
as to the parks and botanical gardens. One afternoon 
given over to a boat ride up the river to the Cl 
The evening entertainments will be enhanced by addresses to 
be given by Lt.-Col. H. W. Miller and E. R. Jackson. Lt.-Col. 
Miller will tell of the remarkable Belgian coast defences erected 
by the Germans after their oecupation 
valed Heligoland in impregnability and remained intact under 
frequent British bombardment during the Mr. Jackson’s 
talk will cover the Motor Convoy Washington, D. C 
to San Franciseo in the summer of 1919, which he accompanied 
Ordnance observer. <A joint entertainment with the 
societies holding meetings in St. Louis and with all of the 
engineers will be held in the mammoth Municipal Oper 
Theater in Forest Park on Wednesday evening 


will be 


ain of Rocks 


These fortifications ri 

war. 
Irom 
as othe: 
local 


Air 


[TuLsa Trip AND MEETING 


Those going to Tulsa will leave St. Louis on Thursday evening 


The Mid-Continent 
as planned a fine program of trips and 


May 27, arriving in Tulsa in the morning. 


Section of the Society |} 
meeting sessions to be held jointly with the Oklahoma Section 
of the American Chemical Society. The trips will include ar 
inspection of the large oil refineries and a visit to the oil fields 
where wells in various stages of development will be seen. 1 
following papers will be presented at the Tulsa meeting: 
PREPARATION OI 
CARBONS, Prof. 


THE Moror GASOLINE FROM HEAVIER Hypro 
Fred W. Padgett, the University of Oklahoma 
INFLUENCE OF TIDAL Forces ON A FLOWING OIL WELL, J. FE 
Stillwell, Bartlesville, Okla 
Tne MANUFACTURE OF SYNTHETIC 


THE 


(GASOLINE FROM CRUDE MINERA 


OILS BY THE Alp oF Hyprosirtcates, F. C. Thiele, Oklaho: 
City, Okla. 
MUNICIPAL WATER WorKS, T. R. Hollway, Tulsa, Okla. 


MetTA-NITROPHENYL 
and M. 

WHat Is GASOLINE; LIGHT PETROLEUM 
Foster, Tulsa, Okla. 

M1p-CONTINENT GASOLINE, Dr. Okla. 

M. E. Cooley of the University of Michigan will also 


address the meeting 


Pruers, Dr. Hilton I. Jones, of Oklahoma 


» 


College 


Propucts DEFINED, D. E 


Charles K. Francis, Tulsa 
Dean 


RESERVATIONS AND ExcursION ARRANGEMENTS 


The St. Louis headquarters of the meeting will be the Hotel 
Statler, where the meeting sessions will be held. Reservations 
at the Statler should be made at once by communicating di- 
rectly with the hotel. It is requested that all those who hav 
any intention of attending the meeting will fill out the coupon 
facing page 263 of this issue and send it in at onee. 
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i NDING a long and active career of notable achi Ly f the most important optical parts in the worid It has bi 
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ind maker of precise astronomical instruments, and | ‘to a ever it accomplished it has given freely to the world. His son 
multitude of devoted friends as “ Uncle John,” dic t home n-law, Mr. James B. McDowell, joined him in the work and to 
in Pittsburgh on April 8, in his eightiet} year im Dr. Brashear gave a large share of credit for th cess of 
During his later vears he was the re pient of sever rary e undertaking. 
degrees, but when asked at one time what degree he refer, Of the products of the Brashear Company refers } 
he replied, “ Doctor of Humanity,” which fitly ' the made to the followmg 
crowning characteristic of his life, evident in all his 1 vit] \ 72-in. parabolic mirror, Dominion Observatory, Victoria. 
his fellow-men It would be diffieult to recall t] u Canad sti ! n t page ) Dy 
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attained in the spacing of linear distances, but it has also called for and study, bringing back with them new ideas and greater eu- 
a refinement most difficult in the optical surfaces upon which the thusiasm 
lines are ruled. To Mr. Brashear was given the problem of producing ; ry ‘ Gs 
; ete , « i tn c > merie:n So- 
such surfaces, and notwithstanding the many difliculties encountered Dr. Brashear was elected to membership in The Ameri 
in working and refining the speculum metal plates. he has ciety of Mechanical Engineers in 1891 and was made an honorary 
hundred plates with surfaces either flat or curved \ member in 1908. He was a manager of the Society trom 1899 
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riass W 


Olu ana welg 


when completed 
Pitts- 
The 


final grinding and pol- 


shipment from 


burgh 24 


tons. 


ishing was done hy 
hand in the basement 
of the Brashear work- 
shop where tempera- 
ture eonditions could 
be kept constant and 
where the great tube 
with its double walls 


was located for making 
the 


correcting 


tests. The 


final 





ot the sur- 


tose teak 40 be os by Dyk. BRASHEAR AT WORK ON 
hand by local polish- en 
ing. After working or 

the glass for a few hours it had to be lifted to the testing 
tube where it remained for 10 hours to attain uniform ten 
perature When the glass finally arrived at Victoria in its 


The glass reached its destina 
bid it 
You bet Unel Jol 


thic 


special car Dr. Brashear wrot« 


tion in less than six days after I good-bye on the ear 
Pittsburg 2900 


-in-law and some others are happy over 


a trip of miles 


Sol news, alter three 


years and eight months.” The Dominion Observatory was de; 
cated on June 11, 1918. 

Dr. Brashear’s scientifie work brought recognition and abe 
the time of his removal to Allegheny he was given an appor 


ment in the University of Western Pennsylvania of which the 


Allegheny Observatory was a department. From 1898 to 
he was acting director of the Allechen,y Observatory and 
$300,000 for the building and equipment of a new observatory in 
Riverview Park. He always kept in touch with the development 
of this observatory, and through his efforts one department has 
been put in every possible way at the disposal of the public, as 
well as for astronomical and astrophysical research. 

For twenty years past Dr. 
Carnegie Institute, for fifteen years of the Carnegie Institute of 
Technology and for twenty years of the University of Pittsburgh, 
of which latter he has also served as chancellor. Several years 
ago a friend placed in his hands an endowment fund of $250,000 
to be used for the advancement of teachers and teaching in the 
publie schools, as a result of which to date over seven hundred 
teachers have been sent to different parts of the country for rest 


3rashear has been a trustee of the 





the American Phil 
th 
Astrop Sica Socrecly 
Wash 
Ingtor Academy of 


Ssc1el $ I National 
(i ¢ ovranp 1¢ no 

ciety ( honorar\ 
member or the Royal 
Astronomica soeety 


He 
devree o! LL.D. by 
W ashinetor Je 


and 

terson College, by 

W ooster University 

aT | anu by the University 


of Pittsburgh, and with 
Se.D. by 


was honored with 


thie 





Tie adecres o! 


THE 72-1IN. DISK FOR THI 

rING TELESCOPI Princeton University 
and the Western Uni 

ersity ol Pennsylva la; also with the degree of Doctor « ken 


gineering by Stevens Institute of Technolog, 

A few years ago he was voted Pennsylvania’s foremost ¢ é 
DV a Committee ol pre nent ! appointed b overnor o 
he state. Governor Br baugh | ee! s the olheia 

the Panama-Pacifie |] xpos ) } } S tineuishec 


en of Penr Ha sulted 1 yt prominence 
roucho the state, the Ge rnor unhesitatinglh ed John 
Brashear Whe vor ol ft Ss hono. vas brought ss Unele 
Tohy hy r} s laboratory comment 
va “es 1CSS ure O) ne } I he W or \ ~ work. 
Dr. Brashear’s s ! yirth v was : ha 


at will lone be remembered 
Bell, 
Robert | 


with | 


Alexander 
Frick, Rear- 


men ot nel 


Graham Sel 


Admiral 


t joined 


1 
! 
Her 


ner 


M 


Peary 


«} | } 
nharies wab, ry ( la\ 


and many ot achieve- 


Jol 


sat down at dinner and the table was piled 


nel ns Ay ] ail homage, 


mer 


neighbors to p 
One thousand peopl 
high with telegrams of congratulation 
United States, of 
thousands of his less-famous but as well-loved neighbors. 


trom the president of the 


from men science all over the world and from 
That 
night Dr. Brashear’s friends made up a purse of fifty thousand 
dollars, the interest of the fund to go to him as long as he lived 
and after that “to carry on, but not to take the place of,” the 
work he had begun. 

Seareely less notable was a publie reception tended him at 
Pittsburgh on the eve of his 76th birthday and of his departure 


for an extended trip to the Orient, with Messrs. Ambrose Swasev 
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Road Legislation 


lt will be recalled that last year’s Post Office appropriation 
hill carried a rider appropriating $200,000,000 of the Federal 
funds for road construction throughout the several states. This 
year the bill beeame law without any provision for highway legis 
lation, solely because it had not been seriously urged that in 
creased appropriations or further legislation extending Federal 
aid should be ineluded. 

When the conference report was finally accepted on the floor 

the Senate, Senator the the bill to 
establish a national highway system under a highway commission, 
vave notice that he intended to proceed with hearings on this bill 
and would soon be prepared to present to Congress more con 


Townsend, 


sponsor ol 


+ 


erete information for an improved highway policy. The need 
of investigation on this subject was emphasized because it was 
contended that the continuity of good roads is necessary for 
general welfare in time of railroad strikes and when for other 
reasons the rail transportation facilities do not meet the needs 
of the public. 

Some discontent exists among legislators because they are not 
pleased with the way that Federal money is being expended in 
highway construction. This is largely due to conditions in the 
states where the Federal aid money is divided among counties 
in the same way the Government apportions it to the state, that 
is, according to population, territory, and road mileage. Short 
stretches of good roads are the result instead of complete through 
highways built for permanency. Senator Townsend said, “ | 
maintain that the present methods of expending Federal aid 
funds are inexcusable.” 

Senator Townsend urges connecting road systems between the 
states and a provision for permanent maintenance. He seeks a 
national system, built and maintained by the Federal Government 
for the good of the whole country and built on such a basis that 
they will inspire the states to build good road systems connect- 
ing the Federal roads. The Townsend bill provides that the 
national system of highways be composed of two roads in each 
state, one running east and west and one running nortli and 
south. 

The Post Office appropriation bill carried a provision whereby 
tractors may be loaned by the War Department to the states for 
use in highway construction. 
to this provision the Seeretary of War was vested with authority 
to use his discretion in loaning such tractors as could be spared 
for road construction work. All expenses for repairs and upkeep 
as well as loading and transportation charges are to be paid by 
the state. 

The Military Affairs Committee has also favorably reported 
the Reavis Bill, H. R. 13329. This provides for transfer of addi 
tional machinery and equipment to the Bureau of Public Roads 
for use in highway construction, and will permit of the use of 
mobile machine shops and other similar army equipment. Ac 
cording to reports recently submitted by the Bureau of Roads, 
this equipment will be very acceptable and will be immediatel\ 
put to good use. 


When the conferees finally agreed 


Important Flood Legislation 


The Minnesota River and the Big Stone Lake, which are on 
the boundary between Minnesota and South Dakota, are proposed 
for flood protection in a bill which has just passed both House 
and Senate. This legislation will protect property worth millions 
of dollars when it is enacted into law and put into effect. Minne- 
sota flood-control work has been delayed up to the present time 
because that state is forbidden by its constitution to spend funds 
for such internal improvement. It is proposed to use the Big 
Stone Lake as a reservoir to hold back the flood waters, this be- 
ing accomplished by the construction of a dam at the foot of the 
lake. The entire cost of improvement is to be borne by those 
benefited according to provisions of the bill. The project has the 
sanction of prominent engineers and the approval of the En- 
gineers Corps of the War Department. 
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Reclassification and Compensation in the 
Government Service 

What has been known as the Keating Commission on Reclassi- 
fication and Compensation of Federal Employees has been at 
work for fifteen months investigating every branch of the per- 
sonnel in the Government Service, with special reference to com- 
pensation. On several occasions the national engineering so- 
cieties have been called on for information which they were able 
One of 


the largest committees formed for this purpose was able to advise 


to compile and for general advice on technical service. 


as to existing salaries in the teehnical-commerceial field. 


troubles that appear to be chronic in our Government. 


Commission found in its investigations the same kind of 
For in- 
stance, pay for the same positions requiring the same qualifica- 
tions show wide variations from department to department, and 
in many eases within the same department. This was especially 
in the war expanded departments. The the 
Government has no standard guide in fixing salaries appropriate 
to the character and importance of the work, so that there is little 
or no means of rewarding special training or marked ability. In 


report shows that 


many cases there is no uniform system of promotions nor reward 
These factors wert 
ambiguities in appropriations for Government service and to a 
serious growing discontent of Government employees, especially 
technical employees. Wide variation was everywhere apparent 
from accepted commercial practice. 


for long service. shown to lead to many 


Detailed recommendations for first classifying all Government 
employees and then obtaming a standard compensation in these 
various classes covered over 200 pages of the report, while nearly 
a thousand additional pages were used in what appears to be a 
vast dictionary of Government positions. This 
every kind of technical position in the Government. 

It is contemplated that this report will form the basis for a 
bill proposing at least some helpful changes im Government po- 
sitions but it is hard to tell when such proposed legislation will 
either the Senate. 


report covers 


receive attention before House or 
Classification of Subordinate Railroad Engineers 

The Interstate Commerce Commission has held lengthy hearings 
on the classification of engineer assistants in the railroad employ, 
and as a result has issued regulations classifying subordinat« 
officials as provided in the Transportation Act. 
are grouped into a class as “ Engineers of Mechanics.” 


These engineers 
This 
class includes Civil Engineers, inferior in rank to Engineers of 
Maintenance-of-Way, Chief Engineers or Division Engineers. It 
includes draftsmen, engineers on maintenance-of-way work, and 
other engineers of mechanics, who are not vested with authority 
to employ, diseipline or dismiss subordinates. 

Representatives of the American Association of Engineers, 
whose membership includes many engineers in this class, pre 
sented arguments in favor of a separate grouping for subordinate 
technical engineers. It was shown that twenty thousand technical 
engineers in the employ of the railroads would be included in 
such elassification, whereas only five per cent of that number are 
No other 
class of railroad employees have a more trusted relationship with 


engineers that come within the eategory of executives. 


their companies than do the subordinate engineers, assistant en- 
cineers, architects, rodmen, chairmen, and draftsmen. Because 
of the fact that this class of engineers have previously had no 
classification they have received practically no consideration from 
the railroads in the point of increases in salary, promotion, 
schedules, ete. For the same reason, also, it has been hard for 
engineering organizations representing them to obtain improved 
conditions. 

It will be recalled that the Engineering Council went before the 
old Board of Wages and Working Conditions under the Railroad 
Administration to assist in getting a classification and increased 
compensation for the men who have now been classed “ Engineers 
of Mechanics.” Some good was accomplished but conclusive re- 
sults could not be obtained because this group of engineers were 
not then known as a unit on the railroads. 

















NEWS OF THE ENGINEERING SOCIETIES 
Meetings of the Industrial Relations Association of America, the Society of Industrial Engineers 
and the American Railway Engineering Association 


Industrial Relations Meeting in Chicavo 


(he Industrial Relations Association of America, 1 the 
National Association of Employment Managers, will li See 
d Annual Convention in the Auditorium Theater, C] fron 


May 19 to 2] The 


program will cover the various | ses of 
employment and industrial relations work. Two s will 
be held daily on broad subjects such as Man and Ind Com- 
nunity Conditions Affecting Labor Stability, The Fore: the 
Present and Future, Organized Labor in Industry. a: [neen- 
tives and Production. Subject Luncheons and Section Dinners 


ave been arranged for the discussion of the detai 


some ol 


vork. 


the subjects to be discussed at 


these 


affairs Ameri- 
canization, Shop Committees, Insurance Plans, Developing Plant 


Spirit, Radicalism, and Financial and Non-financial Incentives. 


The speakers will be manufacturing executives and labor 


eaders 


ot prominence, while the chairmen of the sessions will be employ- 
nent managers of experience and ability 
ir bg , . — 
Society of Industrial Engineers 
[he practical application of the principles of indust: engl 


neering was the keynote of the spring meeting ot 
held at the 
24-26. The 


; 


of Industrial Eng 
Philadelphia, ou Mars 


neers Bellevue-Stratto Hotel, 


feature of the mee was 


a paper by C, E. Knoeppel, president of the New \ ndus 
trial-engineering firm bearing his name He choss sub 
ject, The Most Effective Type of Industrial Organization, and 
used as an illustration of the ideal. the human b livery 
where in the human body it is found that while ea ryan pel 
forms some definite function, the codperation of all is essary 
to the life of the perso Winile two or more ors rtorm 
totally distinet functions, they coéperate for some major or com 

ind function in which their individual funetior ‘ 

read 

Mr. Knoeppel outlined the managing orgar t the 
human body as follows The chief exeeutive—th m 
exercises idgment, reason, cognition, and _ volit first 
assistant—the cerebellum—eoordinates and harmoni ol 
intary organs and thus guides the performance of t rvaniza- 
tion; the second assistant Trie medulla oblongata nates 
and harmonizes the work of the involuntary organs rder that 
the proper service may be secured; the intelligence, itive 
and standardization bureau—the eranial nerves-—cont1 and 
link up the action and routine division with 1 iting 


division, 
\ better example of organized control cannot be found any- 
where in the world, declared Mr. Knoeppel; its com 
ponent parts are of a finer kind than we shall ever approximate, 
and the funetions their relations ar 
smoothly than we shall ever be able to arranges 


whole wide 


and coordinat 


d more 
human relations. 
after this 
economy 
attainment of 


We can, however, pattern our industrial organizations 
perfect model with the full expectation of securing bot! 
in the expendit ire of 
results. 

Dexter S. Kimball, dean of the college of engineering, Cornell 
University, spoke on How Industry Can Assist the Educator, 
and pleaded for greater coéperation from the industries with the 
student and asked that students be given more chances for 
mer work. 


energy and efficiency in the 


sum- 


L. P. Alford, editor of Industrial Management, speaking on 
The Value of Team Work Among Engineers, pointed out that 
engineers were aloof, self-centered specialists often regarded as 
earing for nothing but their narrow professional aims. He 
urged a nation-wide, all-embracing society expressive of the 
ideals, purposes and work of all engineers. 


John Calder, manager of in« ‘ < e Co. 
Chicago, insisted that the Key to many intangib incertainties 
n industry is found in the eduea ind trai é 
man, as already earned out rove Lite o! ! ile 
plants He related the practic f Swift & Ce lheir forty 


classes range from Boston to Portland, Ore., with 50 100 fore 
nen nm eae class, al d woul S000 ve es I ch ciass 
is split up into inner groups of from 15 to 20 men, and for each 
team an executive is selected as team leader. Every class meets 
as a whole once in two weeks at a | ir nd each class meet- 
ng concludes with an open forum in which questions are asked 
and answered publicly. In most plants, the men have found 
the training so interesting and their group meetings s elp 


ful that they have effected permanent organizations or ¢ ibs, 
benefits of the dis 
were presented o1 
construction work, 


elfect ol 


to continue the ISS1ION, 


Other papers ndustrial mans 


army) industrial safety, fatigue stud 
Systems, 


the industrial engineer on the earning power 
About 


of industry, and the need of industrial preparedness 
forty companies displayed exhibits which consisted of etures, 


charts, and labor-saving devices 


American Railway Engineering Association 


The twenty-first annual convention of the Americ: Railway 
Engineering Association was held in Chicago from March 16 to 18. 
Fundamental additions to existing knowledge of the stresses de 


veloped in railway track were contained in the 


second progress 
sses in railway track, a joint 
American Society of Engineers. It 


dif- 


report oc the committee or str 
committee with the l 
develops from the results obtained in 


ferent 


Civil 
numerous tests wit! 
engines j 


types of that the action of the 


eounterbalance multiplies the static load stresses ir he raul. 
The unbalanced rotating masses at the several drivers subject the 
rail to excess vertical forces, often larger than the computed 
effects. In some cases the excess stress chargeable to the un 
balance is much more than the static rail stress. With respect 
to the tie, the nature of the service given by it is defined by 
measurements of tie bending and distribution of the rail load 
to the ballast. 

The committee on electricity included in its report study 
made by a sub-committee of the electrified section of the Chi- 
eago, Milwaukee & St. Paul Railway. This experience has den 
onstrated that the transmission of railway electric power over 
long distances is efficient, economical and reliable at 110.900 
volts, with 3,000 volts on the contact wire. Furthermore, the 


introduction of electric locomotives equipped with electric brakes 
has made possible the haulage of heavier trains at higher speeds 
on heavier grades, such as mountain divisions, and with greater 
safety and reliability under all eclimatie conditions. These facts 
it was observed, pointed out the way in which hydroelectric p 
could be still further utilized for the electrification of other 
ways. 

Ne w steel bridge 
iron and _ steel 


Rounded ends for through-plate 


specifications presented by the committee on 
adopted by the convention. 
girders are specified. 
said to be important in the case of derailment of cars 


structures were 


This is 
Specific 
permission for the welding of minor defects in castings is not 
required. 

There was considerable discussion concerning specifications, 
proposed by the committee on masonry, for billet-steel conerete 
reinforcement bars specifically prohibiting tl 
bars. It was stated that hot-twisted bars are dangerous and 
that cold-twisted bars give no advantage over plain or deformed 
bars. 


use of twisted 


The specifications were adopted. 
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EFFICIENCY OF NATURAL GAS USED IN 
DOMESTIC SERVICE 


Continued from page 2S8 


the previous ease, the efficiency falls to 15.4 per cent. These 


In 


in. is the distane 


efficiencies are represented by a curve in Fig. 3. 
to the 25 


burner to the place upon which a vessel 


nany stoves 


use of natural gas, from 


is supported. It is ap 
parent not only that there is a provoking loss of time in carrying 
on heating operations but the gas consumed under such conditions 


1s sed ery 


inefficiently. 


EFFECT OF PRESSURE VARIATION IN PRESSURE WITH MIXER VALV! 


WiIpE OPEN 


ficienev curve obtained when the valve was 


mixe! 


ypened wide and the burner set 2%4 in. from the bottom of the 


water head to 7 in., in 


vessel. The pressure was varied trom 1 in. 

steps of 1 in. At 7 in. pressure the gas impinged so strongly on 
the bott: ot the vessel that the flame floated around the edges 
of the vessel. The results are shown in Fig. 4. After the final 
reading in this set was taken, viz., at 1 in. pressure, another 


conditions but with the 


taken under the same tlow 
1144 in. the kettle. This 
from 26.5 to 41.8 per cent. In justice to stove manufacturers it 


reading Was 


burner from increased the efficiency 
should be stated that their devices are arranged for pressures 
which 7 
approximately. 

A final 
merits or a 


vary from 2 to 4 oz., 1. e., from 3% to 7 in. of w: 
the 


aluminum 


experiment was made to determine 


comparative 


granite-ware vessel and an preserving 


kettle ot the same a neral size and sha e, the general conditions 
I 
ol all the 


was 


tests being the same. The water equivalent of the con- 
included. The results 
aluminum vessel. 


these experiments it 


tainers not show a small margin in 


Lavor o! the 
As a 


efficiencies ot 45 


be 
obtained 


that 


when the 


result of may concluded 
more can be 
the 


easily by adjusting the flame height. Under the 


eent o1 


per 


burner is set within 2 in. of vessel? a condition which ean be 


secured 


varying 
pressure conditions which now exist, a distance between the limits 


of 1 in. and 14% in. is preferable. At this distance the ordinary 
operations are fairly efficient even at low pressures, while at mod 


erate and high pressures maximum efficiencies may be secured 
Ww ho exeessive loss ot time. 
The author 1s under obligation to the Publie Utilities Con 


for the loan of equipment, to the 


] 


several gentlemen connecte 


to Mr. S. S. Wyer. 


industry, especial] 


RECTILINEAR FLIGHT OF AEROPLANES 


(Continued from page 269) 


which he calls Aeroplane-Type, and fer which he gives certain 
numerical values of these four coefficients closely approximating 


those of the Bréguet army airplane having 50 sq. m. of wing 
surtace, 
The main horizontal flight 


established and an equation is derived indirectly or directly com- 


equations of an airplane in are 


prising the ten specific coefficients of the airplane, propeller and 
them on the final 
things, it 


engine, clearly showing the mfluence of each of 
Among other 
mines through the medium of the specifie weight of air the altitud 


performance of the airplane. deter 


ot flight possible with any given incidence; also it determines the 


4 


ceiling of the airplane in terms of a function involving its speerfie 


It also makes possible determining the altitude of flight at which 
the the fuel or which the 
thor do in detail. this 


connection which can be and are solved practically simultaneously, 


consumption of oil is a minimum, 


proceeds to s in 


There are two probler 


lamely, the altitude at which the plane must fly in order to reduce 
l 


the consumption of ruising 


fuel and oil to a minimum, and the e 


radius which may be reasonably expected with airplanes of pres- 
ent construction. 


The formule derived make it possible to construct a table show 
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Ing variations of consumption wit various angles ot ineidene 


and various ions of altitude 


table 


arious positiot Ss DeLOW the ceiling ol the plane, W Sin U 


this shows the variations of fuel 


case Z 9106 In this figure as abseissa plotted 
distances in meters of flight at the ceiling d as ites the 
increases ol Consumption in pereentages w respe mi 
mum equal to 0.2997 kg. per hp-hr. for an incidenes x 1. 
deg 

Krom this rye appears that tl mit ‘ sul 0 


secured at al de only 151 n ow the « \ e « 
ne ( xEess ¢ nsumptiol rie s 2 wer « 50 
below the ceiling to 1 per cent; at 615 to 2 
L000 m. to 5.1 per cent These ! rhe a 
which the pilot should remain in order 1 ( 
possible ceonsumptior f fuel or o by I, Z >»p 

\ very important problem to the discussion of ch the aut 
next proceeds is that of the eruisnu pres 
time, because he theoretically estab ‘ hie ft) 
mng@-distanee thehts he conelusio! I 
tests such as the tr itlantie fligh Ne : _ Ir 


land have show} that a non-stop licht sO) ' 186 
} , ; 
mues) 18 already possibile. 
He turther shows that wil the pres eonstructio OOO Ter 
(3100 miles) are certainly possible and 6000 S725) 1 
probable P but that attainment Of a eruis y radius f TOO 


km. (4350 miles) is quite doubtful. 


A somewhat involved formula is given expressing the maximur 


cruising radius of a plane in terms of a number ariables in 
| 


volving the altitude of flight, fuel 


cht, and oil consumption, eflicien 

ol propeller, ete 

In the final count it is the ratio / P., which ts ratio o 
total weights of the plane at the begi r and end of the tn 
that has most of the influence on the cruising radius. It is eas 
now to build planes that will lift a load of fuel and oil equal t 
their own weight, including the weight of the reser rs, J ta 
ul of its equipme d aecouterments \ litt of 1.5 S 
weight of the plane in fuel and oil load is possible. one of tw 
that welch CSS Cel ind ib s gq ‘ iceo 
plis ror we ) r that re “OOO 

s about tl ne ma 
CTUISING 1 : preset! ‘ 5 

i rae ) e! ul $ ! 
airplanes w wher eness ratio o1 
rising trom the re dad with a ‘ ee 9 S ) 
eight In a illo? his it wi “ ( SSal ( ne 

il or jt Ssible ? He p > » ex { O! Oo! it) ( 
Ol hours at altitudes irving tro 5000 n 16.400 ‘ ’ 
aps 8000 m. (26,250 ft.), whieh is quite a pr Cl Si 


LOCOMOTIVE FEEDWATER HEATING 
Continued from page st 


if tor 
for still further economy 


anv reason both are not considered ad) ible o1 possibli 


The feedwater heater offers a solution of the pressing problem 


of these times, when so many fairly old and small locomotives 


have their usefulness beeause ot large enough 


The 


increase the capacity of these locomotives, or what might be ealled 


outgrown they are 
f 


for present-day demands. feedwater heater will not only 


their economical operat comparatively 
little 


percentage of coal 


ing capacity, at a low cost 
and with i ] 


} , 
SHOW a 


will 
their full 


] + 
oOcomMmoives, 


change in them, but it ilso 


Saving because ot 


larger 


loading than would 


be obt: ined wit} ent day 


The feedwater heater offers the peculiar advantage of 


being 


of most assistance to the locomotive just at the time when the 
locomotive needs assistance. It offers its greatest saving in fuel 
or increase in capacity in the winter time; furthermore thes: 
advantages are not affected by redue d steam pressure or super- 
heat, but eontinue in spite of them and at proportionately 


greater rate. 
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318 MECHANICAL 

ORGANIZING ror Work. By H. L. Gantt Brace & Howe, New York, 
1919. Cloth, 7 x 5 in., 113 pp., $1.25. 

Our civilization depends, according to Mr. Gantt, upon the 


effectiveness with which our combined industrial and business 


system works, and recent revolutionary attempts to overthrow it 
are due to the failure of the present system to recognize fully 
community. The author believes that 
urn to the principle that the 


its responsibility to the 


first aim of 
business is to render service to the community and that this 


there must be a ret 


result can be peacefully obtained by the use of familiar methods, 


whose use for the purpose he discusses in the present book. 

I CIPLES OF METALLOGRAPHY. By Robert S. Willia Met 
Hill Book Co., Inc., New York, 1920. Cloth, 8 x 5 158 py 
iD is., tables, $2. 


This is a brief introduction to the subject written for students 


sper 


extent in con 


science or engineering, Who do not 


will use it to a limited 


work, 


oraphyv, Dut Who 


their professional and for general 


whio sh an introduetion to more specialized books. Particular 
attention is given to the applications of metallography. 
lie ROMANCE OF A GREAT Factory. By Charles M. Riples 

luction Ir. Chas. P. Steinmetz. The Gazette Press, S 

tady, N. Y., 1920. Cloth, 6x9 in., 200 pp., illus., $2 


This book, 


contributions made by the Schenectady 


which deals with electrical subjects, especially the 
Works of the General 
thought. It 

it-day electrical 
Dr. Steinmetz 


Electric Company, opens up a new line of 
the 
The thousand-word introduction by 


portrays 


the romantic or human-interest side of preser 


and 


the large number of illustrations, photographs and artists’ draw- 


industry. 
ings of electrical scenes in and out of the shop are prominent 


features of the book. 


STATISTICS IN Business. ‘Their Analysis, Charting and Use By 
Horace Secrist. MeGraw-Hill Book Co., Inc., New York. 1920 


Cloth, 6x 8 in., 187 pp., illus., diagrams, maps, tables, $1.75 

handbook for 
executives in the application of business statistics to problems 
which arise. It aims to present briefly and concretely the reasons 
why statistics should be used in business analysis and to illustrate 
how and with what effect they may be applied to the solution of 
business problems. Espe- 
Examples 


This volume has been prepared to serve as a 


The discussion is of a practical nature. 
cial attention is given to the use of charts and graphs. 
of good and bad usage are given. 

A SYSTEM OF 


Second 


York, 


Professor Lewis’s work is intended as a general textbook for 


PHYSICAL CHEMISTRY. By William C 
edition, three volumes. Longmans, Green & 
1918. Cloth, 6 x 9 in., diagrams, $4.50 


MeC. Lewis. 
Co., New 


use by those who already possess some knowledge of both physies 
and chemistry and as a fairly comprehensive account of our 
present It is well equipped with references 
original literature and so is useful for reference use. 


knowledge. to the 

A third volume, on the quantum theory, has been added in this 
edition. Other changes, necessitated by the advances made since 
the previous edition have caused considerable expansion of the 


book. 


TECHUNISCHER LITERATURKALENDER. 1918. Miinchen-Berlin R 
Oldenbourg, No date. Cloth, 6 x 8 in., 640 columns, 1 portrait, 
12 marks plus 20 per cent increase. 

This volume is a concise biographical dictionary of living Ger- 
man authors of technical and scientific books, compiled by the 
Librarian of the German Patent Office. Over five thousand 
writers are included. The information given includes their ad- 
dresses, education, age, occupations, technical specialties, publica- 
tions, ete. 


Wuite Leap—Ii1s Use In PAINT. By Alvah Horton Sabin. First 
edition. John Wiley & Sons, Inec., New York. 1920. Cloth 
5x8 in., 133 pp., tables, $1.25. 


In his small work Dr. Sabin has provided a brief, non-technical 
account of the subject for the instruction and gpidance of those 
whose need and use of white-lead prompts them to seek knowl- 
edge about it of a simple but reliable sort. The various methods 
of making white-lead are given, together with the properties of 


THE JOURNAL 


ENGINEERING Am. Soc. M.E. 


the usual substitutes: methods of mixing different 


purposes, ete. 


paint tor 


Industrial Training in China 


Continued from paye 305 ) 


; 


s well as materially, is such industrial development as will put 


he great mass of the people as many steps as possible trom 


starvation. 


[his University would like to codperate with some such ins 
tions as the \.S.M.E. and other engineermg bodies connect 
vith and interested m the promotion ot engineering in its various 
yvanches. They are at present planning to include in the | 


American technical school which shall have 


as great an influence in shaping the engineering progress of China 
is possibli The proposed enlargement of scope contemplates a 
whing plan and requires a broad and substantial founda 

on in the way of equipment and endowment. They wish 
to make the instruct the most thoroughly practical 
possible. 

\nother ealional situatio s that of tl ( 

se stud ibi From one school in Pa i 
one students ve g S 
two years to her technical training at aT nee So) 
six thousand ( est dents are expected to go to France under 
hese conditions this year, and this is only the beginning I hie 
students from Pa ece ) ranes a \ I ( or 
and have to work mtinuously tor two years befor Cal 
ittend school. They have training in the French language before 
leaving China Students who e willmg and anxious to rl 
their way in such a manner are the kind who will do constructi 


and important work on their return home. 

The cases, 
would prefer to go to America, if they were permitted to ear 
their way. 
sible. 


ing such a condition in 
would have 


students going to France, in a great majority of 


Considerable effort is being made to make this pos 


There should be some well-organized society for encourag 


America, as there is now in France, It 
both China and Ameriea 
The writer holds invitations from thirteen of the leading machine 


most beneficial effects on 
tool manufacturers of America for some fifty Chinese students to 
come to their shops for practical experience, and at the sam 
time, continue their studies. The students who wish to fill these 
positions are anxiously waiting for some decision of the State 
Department which will allow them to enter the country. They 
have had some shop experience, have studied English and ars 
graduates of what would correspond to the American high schoo! 
Can the A.S.M.E. use any influence in bringing about a chang: 
or modification of laws permitting the entrance of such men t 
America? The obstruction at this point seems to be the fact that 
students work for The American 
ganizations over here are all anxious to see 


such wages. commercial or 
modificatior 
brought about as will permit the admission of such students. Th« 
sooner that can be accomplished, the sooner the tide will be di 
rected in our favor. 

During the past summer, the National Machine Tool Builders’ 
Association has contributed to Chinese industrial schools 
twenty machine tools, either as gifts or sales at half price. 
things as this contribute vastly to good feeling between the tw 
countries. The students who have the use of these superior ma 
chines will naturally have a great appreciation of the generosit) 
of the givers which in years to come will react favorably for th: 
country and firms contributing. There is for much mor 
good work of the same kind, not only in machine tools, but ir 
small tools and other equipment in the various lines of industria 
training such as textile work, tanning, agriculture, mining, ete. 

The writer plans returning to America this spring as a delegat: 
from the American Chamber of Commerce of China to the Con 
vention of the National Foreign Trade Council to be held in Sar 
Francisco in May. He plans also to visit the East and hopes t 
have the opportunity of discussing these matters further wit! 
A.S.M.E. members. 

Paotingfu, China. 


such a 


over! 


Suel 


room 


Frank A. Foster. 








